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Growth and Development of Early Sown Cereals under Grazing 
By 
R. A. Brosnahan 
A field experiment was conducted to investigate the biomass production and regrowth of wheat 
(Triticum aestivum L.), triticale (× Triticosecale), oats (Avena sativa) and rye corn (Secale cereale) as 
dual-purpose crops at early sowing dates in Canterbury, New Zealand. A successful dual-purpose 
crop was defined as a cereal that was able to provide high quantities of biomass for grazing by stock 
at times of feed deficit, with crops remaining vegetative to limit grazing of the apical meristem due 
to stem elongation. This experiment examined biomass production, apical development and 
Zadocks’ growth stage of eight wheat, three triticale, one rye corn and two oat cultivars sown at 
three sowing dates between 20th December 2013 and 3rd April 2014. Biomass available was greatest 
prior to the first grazing of each plot. Prior to the first grazing, oat cultivars had higher average 
available biomass than the other species at TOS 1 and 3 producing 8716 and 1414 kg DM (dry 
matter) ha-1 respectively. At TOS 2 rye corn had marginally higher biomass, producing 4082 kg DM 
ha-1. Biomass production was greatest for cultivars in TOS 1 decreasing with each subsequent 
grazing, average accumulated biomass removal was 4791, 2804 and 1027 kg DM ha-1 at TOS 1, 2 
and 3 respectively. Oat and triticale cultivars generally reached Zadocks’ growth stage 30 prior to 
grazing treatment in most cases (exceptions ‘Prophet’ in TOS 2 and ‘Empero’ in TOS 3), this meant 
they received grazing damage, preventing crop regrowth. Grazing damage made the oat and 
triticale cultivars unsuitable for dual-purpose use. At TOS 1 all cultivars appeared to be damaged 
by grazing, this would have resulted in poor grain yield. At TOS 2 development habits (time to 
growth stage 30) were most suitable in the cultivars ‘KWW42’ and ‘Phoenix’, these cultivars 
however had lesser accumulated biomass removal from grazing than other cultivars in the trial, 
producing an average of 2476 and 2558 kg DM ha-1 respectively. The wheat cultivars ‘Empress’ and 
‘KWW47’ had the best combination of late maturity (time to GS 30) and accumulated biomass 
removal of 3882 and 3372 kg DM ha-1 respectively. ‘Empress’ and ‘KWW27’ were the most suitable 
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dual-purpose cultivars at TOS 2, balancing biomass production and potential grain yield. AT TOS 3 
there were no difference is accumulated biomass removal from grazing and time to GS 30 between 
wheat cultivars, therefore all wheat cultivars were equally suitable. 
This experiment indicated significant opportunity for wheat cultivars to be sown up to 3 
months earlier than grain only crops and grazed throughout the autumn and winter period. 
Subsequent grain yields were not examined in this study and remain an area of further research in 
New Zealand. 
Keywords: dual-purpose, wheat, Triticum aestivum L., triticale, × Triticosecale, oats, Avena sativa, 
rye corn, Secale cereale, plant apex, apical development, biomass, Zadocks’ growth stage. 
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1 Introduction 
Livestock in New Zealand are predominantly grazed on pasture. The typical New Zealand dryland 
environment is susceptible to feed deficit due to drought. Even in an irrigated environment the 
farming system also tend towards feed deficit in the winter months. Feed deficits in New Zealand 
are filled with annual forage crops and forage brassicas e.g. turnips, swedes and kale, this system 
while effective could be improved on. As many dryland livestock farmers on fertile land also grow 
some cereal to supplement income there is the potential for the use of dual-purpose crops. Dual-
purpose crops are typically cereals (but also oil seed crops such as oil seed rape) which are used as 
stock feed while the crop is still in the vegetative stage. This allows more effective land use in a 
mixed system with both stock and grain able to be produced on the same area of land. 
The use of dual-purpose crops in New Zealand is not common, however the success stories 
from other countries has promoted interest from both farmers and researchers in New Zealand in 
this management system. Recent research in dryland areas globally has identified that wheat, 
triticale, rye corn and oats are all cereals which when the correct cultivar is used under the correct 
management can be grazed without damaging grain yield (Nicholls, 2005; Harrison et al., 2011).  
Grazing cereal crops is beneficial to the farming system as it increases the resources 
available to farmers to fill feed deficits in the farming system without increasing the land devoted 
to forage crops. This is beneficial in two ways, both increasing the livestock the farm is able to finish 
or breed while maintaining or increasing the total grain produced on farm. This system is beneficial 
to the meat and grain industries as a whole as it limits the extent to while their products compete 
for production. There will be less competition because if the cereal crop is grazed, the increase in 
cereal production will not be as detrimental to livestock production and vice versa 
Cereals also have the potential to provide a better quality feed to stock (Nicholls, 2005). 
Lambs have a greater liveweight grain when fed on cereals as opposed to annual ryegrasses. This 
is likely to be especially important in dryland situations as cereals are known to have a better root 
structure than many perennial grasses giving them a greater drought tolerance (Aljoe, 2011). 
Improved drought tolerance results in cereals capable of producing greater biomass for use in late 
summer feed deficit and greater biomass that can be conserved and utilised over times of winter 
feed deficit. 
The primary objective of this experiment is to determine the suitability of the selected 
cultivars for use in dual-purpose systems, under very early sowing dates. This experiment aimed to 
identify how the species and cultivars responded to grazing and each time of sowing when 
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compared with the respective un-grazed subsection and how these responses is likely to affect the 
usefulness of the species or cultivars as a dual-purpose crop.  The suitability was determined using 
two groups of measurements, biomass production and plant development. The suitability of 
biomass production was determined based on which species and cultivars produced the greatest 
biomass, both at the first and subsequent grazings, the suitability of the timing of this biomass 
production and the effect time of sowing had on this suitability. Plant development was assessed 
both at the apex and of the crop and assessed based on the effect the timing of key development 
stages would have on potential grain yield. 
This dissertation is written in five chapters and it contains a review of the literature followed 
by materials and methods, results of the experiment and a discussion. The general discussion 
examines the relevant results in the context of the typical New Zealand farming system. 
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2 Review of the Literature 
2.1 Introduction 
The first cultivation of cereal is thought to have occurred as early as 9600 BC where wheat was 
cultivated in the area now known as Iran (Nesbitt, 2002; Charles, 2007). Since cultivation began 
wheat and consequently all cereals has played a crucial part in in the development of our city-based 
society. Wheat first promoted the city-based society as it was the first crop to be cultivated on a 
large scale. The ability to plant, harvest and store wheat allowed for the long-term stability of food 
supply, of which reduced the distance the group needed to travel to survive allowing the formation 
of early cities. 
In modern times temperate cereals including wheat, triticale, oats and rye corn are 
important parts of both the human diet and animal production systems. Wheat is the second most 
highly produced grain annually and accounts for approximately 20% of the calories consumed by 
humans globally (The Wheat Initiative, 2012). Rye corn, oats and triticale are also important crops 
particularly for stock feed and therefore meat production, which makes up another 8% of calories 
consumed worldwide. The production of cereal crops therefore is a key topic with regards to global 
food security. One way to increase cereal production globally is by increasing the appeal of growing 
the crops by increasing profitability. A potential way to increase the profitability of the cereal crop 
is through ‘dual-purpose’ cropping. Dual-purpose cropping is the practice of using some of the 
vegetative biomass produced by the crop to feed livestock, usually over the winter months. Grazing 
cereal can also increase food security in a second way as grazing stock on the parts of the crop not 
normally utilised is able to increase livestock production (Dove and Kirkegaard, 2014).  
New Zealand has a long history of cereal cropping with wheat first introduced by settlers 
in the late 1700’s (Hilgendorf, 1939). However wheat was not commonly grown until around 1840 
when the “New Zealand Company” began to arrive and build settlements (Hilgendorf, 1939). In the 
present day there are approximately 2000 farms in New Zealand producing cereal on a commercial 
scale, these farms cover between 175,000 and 200,000 ha (Zydenbos, 2012). In 2012 the New 
Zealand arable industry produced a total of 447,800t of wheat, 18,118t of oats, with statistics on 
triticale and rye corn production not available. New Zealand excels at cereal production recording 
one of the world’s highest average wheat yields at 8.9 tonnes/ha (Food and Agriculture 
Organisation of the United Nations, 2012). This fact is reinforced by the world record for wheat 
yield being currently held by a southland farmer, this record has consistently been held by New 
Zealand farmers (Guiness World Records, 2010). 
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Despite a strong arable industry the practice of dual-purpose cropping is not currently 
common in New Zealand, although there is evidence that it was carried out in the early days of 
cropping in NZ (Hilgendorf, 1939). Since dual-purpose cropping has not been commonly carried out 
in modern times and cultivars have changed considerably during that time, management and 
potential of available forage and grain yield is not well understood. There is however a small 
amount of research archived from the last century that shows the practice is viable (Scott et al., 
1988; Scott, 1984).  This small amount of New Zealand knowledge can be combined with the wealth 
of foreign research and the current work being carried out by the Foundation for Arable Research 
(FAR) to provide a good starting point for current research and farming. 
Dual-purpose crops need to maximise vegetative growth within the constraints of crop 
development. Vegetative growth needs to maximal without the development of the crop being 
hindered in such was that grain yield will be compromised. The key factors affecting the 
development of crops are vernalisation, photoperiod and thermal time (temperature). The dual-
purpose crop needs to react to these factors in such a way that development progresses slowly, 
maximising the time over which vegetative growth can be harvested as feed. 
2.2 Management of Grazing 
2.2.1 Grazing Initiation  
Most literature recommends that grazing initiation is determined using plant growth 
stages. This is recommended as there is no other aspect of plant growth or development that give 
as reliable indication of whether the plant will tolerate grazing. The consensus is that the plant 
should be grazed no later than Zadocks growth stage 31 (or 30 in situations with a high risk of 
damage i.e. wet ground with potential to pug (Fieser et al., 2006; Virgona et al., 2006; Zhang, 2010). 
Growth stage is determined by an examination and ideally dissection of the most mature tiller in 
the plant. The typical appearance of a dissected plant at GS 31 is shown in Plate 2.1.  
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Plate 2.1: Plant dissection at growth stage 31 (Grain and Graze, 2008) 
Grazing at this time allows for the maximum duration of vegetative growth without risking 
damage to the apical meristem during grazing (Grain and Graze, 2008). If the apical meristem was 
damaged during grazing a reduction in grain yield would likely due to a reduction in heads/m2. As 
the grain yield is likely to be of greater value that the forage yield it is prioritised. 
2.2.2 Expected Production 
Nicholls (2005) conducted a number of experiments across Canterbury and provides the greatest 
information of dual-purpose cropping in NZ. This work was published as a report by Foundation for 
Arable Research. In this experiment 0.305ha blocks of ‘equinox’ wheat, ‘doubletake’ triticale and 
‘tama’ annual ryegrass, which were sown in March 2005 and were grazed mid-August (when wheat 
was at GS 31). During grazing each plot was grazed by 17 lambs (19 for the triticale as there was 
more forage available) were grazed in each plot for 30 days, using three back fenced breaks. Despite 
forage production being greatest in the triticale crop, lamb liveweight production was the least 
(only 216g/lamb/day), this is likely due to the lower protein content of the crop. The greatest live 
weight gain was achieved from the wheat plots, which had the lowest forage yield. When grazing 
the wheat crop, lambs gained an average of 300 g/head/day this gain was significantly greater than 
that of both other crops, as the lambs on annual ryegrass only achieved a liveweight gain of 
249g/lamb/day. It is though liveweight gain was greatest on wheat as wheat forage has the best 
balance of quality attributes with high protein and neutral detergent fibre and moderate 
metabolisable energy. In this publication it was calculated that in the wheat crop this grazing and 
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resultant lamb liveweight gain was worth $810 ha-1. This is equivalent to the profit that could be 
expected from a 2t ha-1 yield increase (United Wheat Growers NZ Ltd., 2014). These results were 
also importantly achieved without a reduction in the grain yield. 
In addition to the income from grazing Nicolls (2006) documented a reduction $100 - $150 
in the cost associated with growing the crop. These reductions were due to a lesser requirement 
for agrichemical, specifically fungicides and plant growth regulators. Grazing reduced the 
agrichemical requirement by removing the diseased leaves and shortening the stalk, decreasing the 
risk of fungal infection and lodging respectively. 
2.3 Agronomic Management 
Sowing rate is a crucial and highly variable specific factor in ensuring optimal yield. Sowing rate 
should be selected to achieve the optimum plant population. Optimum plant population to 
maximise wheat yield is highly dependent on two factors; sowing time and wheat cultivar. Sowing 
time affects the optimum population as it influences the amount of tillering that the plant will carry 
out, thus affecting the ears produced per plant. Hence the recommended plant population 
increases the later the crop is sown. Foundation for Arable Research (2006a) gives the following 
recommend the following plant populations for the given sowing date to maximise yield; April, 100-
125 plants m-2; May, 100-150plants m-2; June, 200 plants m-2; and September, 300plants m-2. Wheat 
cultivar again influences plant population as it gives an indication of the expected average number 
of ears produced by plant, an example of the variation that can be expected between cultivars is 
seen in Table 2.1. A cultivar which is expected to produce less ears per plant will require a greater 
plant population to maximise yield. It is not clear what effect sowing rate has on dual-purpose 
crops, through it could be advisable to increase sowing rate to minimise the potential effects of 
damage due to grazing. 
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Table 2.1: Heads per plant for autumn sown winter feed wheat (Foundation for Arable Research, 
2012) 
Cultivar Heads/plant 
March Sown April Sown 
Claire 4.53 3.70 
Einstein 4.43 3.87 
Empress  4.12 4.10 
Excede 3.69 3.53 
Orator 4.31 3.69 
Phoenix 4.59 4.67 
Richmond 4.86 4.02 
Savannah 4.12 3.68 
Wakanui 4.09 3.58 
KWW42 3.74 3.87 
KWW46 3.98 3.92 
 
The exact optimum date for sowing is not universal due to the effect of the specific 
conditions of the sowing location, the date used by each farmer in therefore usually based of 
previous experience and local knowledge and may vary from season to season. The spread over 
which the recommended sowing date falls (Figure 2.1). 
The recommendations give for sowing dates are generally given for a grain only crop. The 
dual-purpose crop however should be sown 2 – 4 weeks earlier than their grain only counterparts 
which results in higher forage yields at the time of grazing (Harrison et al., 2011). The increase in 
forage availability is due to the higher growth rates experienced by crop during early – mid autumn 
due to the typically warmer soil temperatures which allow faster emergence, establishment and 
typically greater root development (Harrison et al., 2011; Virgona et al., 2006). Greater root 
development is of particular importance as it increases the grazing resilience of the crop and 
drought tolerance of the crop during grain fill. 
The literature backs up the concept that the highest forage yields are achieved by the earliest 
sowing dates, in Martini et al. (2009) this was demonstrated in the oat cultivar ‘Milton’. Over 5 
sowing date from 28th of March as to 3rd of June forage yield increased from 7,730 kg ha-1 to 15,390 
kg ha-1. In the was also found by Hossain et al. (2003) under northern hemisphere seasons, this 
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time in winter wheat. Hossain et al. (2003) found that delaying that planting date from 10 to 30 
September resulted a 68% decrease in expected forage yield. 
 
 
Figure 2.1: Autumn sown wheat & barley – Sowing date guidelines 2006 (Foundation for Arable 
Research, 2006b) 
Recent research has suggested that sowing even earlier than the dates above can lead to a 
higher yielding crop for both forage and grain. Research carried out by  Cragie and Brown (2013) 
found that when cultivars typically sown in April were sown in March wheat yield increase by an 
average of 1 t ha-1. This has not been widely studied yet but the researchers are confident that this 
increase will be replicated or even increased on by this year’s experiment that will also include a 
February sow date. In theory these winter cultivars can be sown much earlier due to the 
requirements for developmental factors (vernalisation, photoperiod and thermal time) before 
reproductive development and heading can occur. The effects on growth and development from 
very early sowing (>4 months) has rarely been documented in the literature. 
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2.4 Cereal Development 
Development is defined by Landsberg (1977) as “a sequence of phenological events controlled by 
external factors, each event marking important changes in the morphology and/or function of 
some organ”.  Development of the cereal can be measure on two basis, the physical development 
of the plant and the development of the plant’s apical meristem. 
The length of the development stages are crucial to dual-purpose crops as it governs 
whether the species/cultivars are suitable for use. It also determines how the crop should be 
manage to ensure that maximum forage and grain yields. Without knowledge of the development 
of crops and how these result to grazing and grain yield it is difficult to successfully grow and 
manage a dual-purpose crop. Knowledge of crop development and how crops should be managed 
with regards to grazing is essential, as grazing at unsuitable time can severely decrease grain yield. 
Development also affects the ability of crops to be sown at early sowing dates. The 
selection of crops for early sowing dates needs to take into account the development rate of the 
crop. As stated in (Virgona et al., 2006), matching cultivar phenology (development length) with 
environment type was of very high importance. For early sowing dates dual-purpose crops need to 
have a very long season phenology to prevent rapid development from affecting forage production 
and the ability of this forage to be grazed without damage occurring to the grain bearing organs of 
the crop. 
2.4.1 Measurement of Cereal Development 
Plant physical development is usually measured according to a scale in which a numeral is assigned 
to key growth stages, some commonly used examples of these scales are the Zadoks, Feekes and 
Haun scales (Zadoks et al., 1974). The Zadoks’ scale is the most commonly used of the three. 
Zadocks’ scale is favoured as it was designed with 10 key principles in mind, these principles were 
developed from short comings of other scales. As per the 10 key principles Zadoks’ scale divides 
development into 10 main stages as described in  Zadoks et al. (1974) (Table 2.2). These 10 main 
stages are further detailed by sub-stages which result in a highly specific measurement of 
development. The scale is easy to learn and applicable in almost all situations making it the choice 
of most researchers. Importantly it is also suitable for use on most cereals allowing for use even in 
multi-species experiments. 
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Table 2.2: Principal stages of the Zadoks et al. (1974) scale of cereal growth stages. 
Main stage Description 
0 Germination 
1 Seedling growth 
2 Tillering 
3 Stem Elongation 
4 Booting 
5 Inflorescence emergence 
6 Anthesis 
7 Milk development 
8 Dough development 
9 Ripening 
 
The development of the apical meristem is assessed via dissection of the plant under 
magnification. The appearance of the apex is assessed visually. One of the most common scales to 
measure apical development in wheat was detailed in Kirby (2002) and used pictures to 
demonstrate each stage in development, two key stages of this scale are shown in Figure 2.2. As 
with whole plant physical development, for ease of analysis these stages are often related to a 
numerical scale (Vahamidis et al., 2014). Despite being developed for use on wheat, Kirby’s scale is 
also suitable for use on other cereals. The apical development can be related to crop growth stage 
under some conditions. Relating the apical development to crop growth stage however is not 
always accurate as the apical meristem has different sensitivities to the factors controlling 
development (Acevedo et al., 2002). To ensure accuracy both measurements must be taken. 
The first key stage seen via apical dissection is double ridge. Double ridge is considered to 
represent the stage at which the reproductive development of the plant has begun, with the each 
of the ridges on the apex representing a spikelet primordia (Simmons, 1987). Double ridge stage is 
hard to relate to Zadocks growth stage more specifically than saying it occurs at some point during 
main stages 1&2, from early leaf growth and through to tillering (which occur concurrently), this 
can be observed in Figure 2.3. From double ridge stage the development of new leaf primordia 
typically ceases, a small further number of primordia may be produced, the conditions which cause 
this are unknown (Kirby, 2002; Klatt et al., 1988). 
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As the development of the apex continues the spikelet primordia seen at double ridge stage 
form floret primordia, which in turn form the primordia of lemma, palea and what will become the 
other components of the ear. It is during this phase that the plant is committed to reproductive 
development with stem elongation in most plants beginning at around the point that the lemmas 
become visible (Rawson et al., 2000). The end of apical development is marked by the formation of 
the terminal spikelet (Craufurd and Cartwright, 1989). The terminal spikelet can be easily 
distinguished as it grows at the top of the apex and at a right angle to the preceding spikelets. 
Terminal spikelet can be more accurately related to plant growth stage than double ridge. Terminal 
spikelet can be more readily related as the appearance signals the end of the vegetative phase. The 
end of the vegetative phase is marked by the end of plant tillering, and the beginning of rapid stem 
elongation this correlates with approximately Zadocks’ growth stage 32 (Rawson et al., 
2000)(Figure 2.3) 
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Figure 2.2: Diagrams of the wheat apex at double ridge (left) and terminal spikelet (right) stages 
(Kirby, 2002) 
 
Figure 2.3: Relationship between stage of grain development and Zadocks' growth stage (Rawson 
et al., 2000). 
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2.5 External Factors Affecting Development 
The key external factor affecting both the development of cereals are thermal time, vernalisation 
and photoperiod. These factors are highly interrelated, with the rate of plant development usually 
limited by the factor required by the plant that is in the least supply. The different factor affect 
development at different rate at different stages of development as can be seen in Table 2.3 
 Table 2.3: Response of phasic development to temperature, photoperiod and vernalisation (Slafer 
and Rawson, 1994) 
Developmental Phase Temperature Photoperiod Vernalisation 
Sowing-emergence 4/5 0 0 
Emergence – double ridges 3/5 0/3 0/5 
Double ridges – terminal spikelet 1/3 0/5 0/5 
Terminal spikelet – heading 3/5 0/3 0/1(?) 
Heading - anthesis 3/5 0/1(?) 0 
Anthesis - maturity 3/5 0 0 
For the estimation of sensitivity, the total life span was divided into the stages. An arbitrary scale was used 
to show when the effects are strong (5), moderate (3) or slight (1). 0 denotes that the factor 
does not affect the process and question marks refer to uncertainties in the literature. For each 
factor, genetic variation in response was considered  
Cereals especially those designated ‘winter’ types rely on these environmental factor as 
the help ensure a uniform flowering date amongst the crop. A uniform flowering date is important 
as it ensures the plants flower at the optimum time of year.  The receptiveness of plants to these 
external factors, especially photoperiod and particularly in ‘spring’ cultivars, is decreasing, this is 
due to increased effort in plant breeding and the desire for these plants to be able to be used in 
varying locations (Almeida, 2011). 
2.5.1 Thermal Time 
Thermal time is an expression of the number of thermal units accumulated by the plant. Thermal 
time accumulation is related to the three ‘cardinal temperatures’; base temperature, optimum 
temperature and maximum temperature (Hay and Porter, 2006). With efficacy being at it maximum 
while within the optimum range (15 to 30oC for wheat) and decreasing linearly as the temperature 
strays either side of this range. The linear decrease is more rapid as the temperature heads towards 
the maximum temperature. The maximum and base temperatures when accumulation ceases in 
wheat plants are 40 and 0oC respectively. 
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  The cardinal temperatures for oats and rye corn are similar to those shown for wheat 
(Parker, 1946). There is no literature on the cardinal temperature for triticale growth but it is 
reasonable to expect it will be similar given both of the parent species are agreeable towards these 
temperatures. 
The cereal requires the perception specific quantities of thermal time to progress through 
the developmental stages. The quantities required do vary widely with cultivars but a general 
indication of the quantities required for wheat are included in Table 2.4. The thermal time values 
given in Table 2.4 are expressed in growing degree days (GDD). GDD show the amount of thermal 
units the plant has been exposed to and is given in oC days. The basic formula used in the calculation 
of thermal time from (Trafford and Trafford, 2011) is included below (Equation 2.1). In the formula 
Tmax represents the maximum daily temperature and Tmin the minimum, by averaging these the 
daily average temperature is calculated from this the Tb (base temperature for the plant species) is 
subtracted giving the TT for each day. These figures are totalled for the growth period of the crop 
to give the total GDD. 
Equation 2.1: Equation for the calculation of daily thermal time of plants 
𝑻𝑻 (℃ 𝒅𝒂𝒚𝒔) =
𝑻𝒎𝒂𝒙+ 𝑻𝒎𝒊𝒏
𝟐
−𝑻𝒃  
Table 2.4: Descriptions of the main coefficients affecting times of flowering (Ottman et al., 2013). 
Definition Default Value (oC day) 
Duration from planting to germination 10 
Duration from sowing to seedling emergence 8* 
Duration of juvenile phase 0 
Duration from end of juvenile phase to terminal spikelet 460 – 600 
Duration from terminal spikelet to end leaf growth 328 – 428 
Duration from end leaf growth to end of spike lag phase for grain fill 219 – 285 
Duration from end lag phase for grain fill to physiological maturity 450 
Duration from physiological maturity to harvest 200 
* Given as oC day cm-1 sowing depth 
 
Thermal time is the only developmental factor that affected development at every stage 
(Table 2.3) this highlights its importance to rate of development, for if temperature is limiting at 
any time it will affect the plants ability to respond the other factors. 
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The New Zealand climate can relate positively and negatively to thermal time 
requirements. In cooler seasons especially in southern New Zealand it is possible for seed moisture 
to increase after maturity due to rainfall, but before the crop can be harvested, a phenomena 
known as sprouting (Rich, 1982). Yet the long time to accumulate thermal units can also be 
beneficial allowing New Zealand to produce record wheat yields (Guiness World Records, 2010). 
This is because the slow accumulation of thermal units allows greater time for radiation to be 
intercepted increasing photosynthate accumulation as the plant moves through the developmental 
stages giving greater nutrient accumulation and grain fill.  
2.5.2 Vernalisation 
Vernalisation is the requirement for a period of ‘chilling’ before flowering. The chilling is perceived 
by the apex of the plant at any time from the beginning of germination (imbibition). As the chilling 
is perceived at the apex the effect appears to be stronger on apical development. Acevedo et al. 
(2002) stated that double ridge stage of the apex cannot be reached in wheat without the fulfilment 
of vernalisation requirement. 
Vernalisation is not a developmental factor in all cereal cultivars but many cultivars, 
especially those designated ‘winter’ types, some level of vernalisation in beneficial. Vernalisation 
requirements are of particular importance for dual-purpose crops as the cultivars used are almost 
exclusively winter types to minimise the risk of early flowering and frost damage to the crop 
because of earlier sowing (McMullen and Virgona, 2009).  
Cereal cultivars can be divided into three categories of vernalisation requirement; cold 
obligate, cold stimulated and cold neutral (Gardner and Barnett, 1990). Cold obligate cultivars will 
not consistently produce heads (i.e. less than 50% of the crop will) without first undergoing 
vernalisation. Cold stimulated cereals will still form heads without vernalisation, but form heads 2 
– 4 weeks earlier when vernalised. Finally cold neutral which shows no response to a vernalisation. 
The varying responses of wheat and triticale cultivars to vernalisation is shown in Table 2.5 from 
where it can be seen that the wheat cultivars ‘Coker 983’ and ‘Caldwell’ are cold obligate; ‘Hunter’, 
‘Phoenix’, ‘Florida 302’ and the triticale ‘Beagle 82’ are cold neutral and the remaining are cold 
stimulated. 
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Table 2.5 Days to heading of one triticale (Beagle 82) and seven wheat cultivars exposed to varying 
durations of outside natural winter (NW) and the transferred as potted plants to a warm 
18-h day length greenhouse at Gainsville, FL in 1985 and 1986 (Gardner and Barnett, 
1990). Means are averaged over both years (24 Plants)  
 Outside NW* Exposure 
Cultivar 0  
(0 CU) 
2 
 (55 CU) 
4  
(117 CU) 
6  
(245 CU) 
8  
(378 CU) 
Owens 28a** 33a 42a 49a 55a 
Beagle 82 41ab 49b 52b 62b 80b 
Florida 301 55b 50b 58b 75c 82b 
Florida 302 110c 112c 90c 87d 102c 
Phoenix 115c 114c 95c 70c 85b 
Hunter 117c 111c 104c 90d 101c 
Coker 983 NH*** NH 130d 95d 102d 
Caldwell NH NH NH 125e 130d 
*     Planted in December for transfer at specified weeks. Cold units (CU) are degree hours below 10oC 
**   Treatment means followed by the same letter in a column do not differ significantly (P = 0.05), according to Duncan 
– Waller multiple range test 
*** NH – No heading (less than 50% of plants head) 
 
Vernalisation only has an effect on development in obligate and stimulated cultivars 
between emergence and terminal spikelet. However over this time period the effect of 
vernalisation in obligate cultivars is crucial. The importance of vernalisation is quantified by Slafer 
and Rawson (1994) (see Table 2.3 above) where it is allocated a 5 on a scale of 5 for importance. 
The requirement for vernalisation in wheat cultivars usually ranges from 40 - 70 days at 
cool vernalising temperature, this optimum vernalisation falls between 0 and 7oC but less effective 
vernalisation can also occur when the temperature falls outside this range but still between -5 and 
15oC, this is demonstrated in Figure 2.4. A negative process called de-vernalisation can occur when 
less than 10 day of progress have been accumulated towards vernalisation and temperature 
exceeds 30oC, though this is a rare occurrence in most wheat growing areas (Ottman et al., 2013).  
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Figure 2.4: Daily increment of vernalisation-days based on daily temperature (McMaster et al., 
2008). Each daily average temperature will accumulated between 0 and 1 
vernalisation-days dependent on the effectiveness of the temperature on 
vernalisation response. 
The vernalisation requirements of oat are less than that of wheat. A cold obligate oat 
cultivar will generally require half the days to fulfil the vernalisation requirement that a obligate 
wheat cultivar would require in the same situation (Yara, 2014). In King and Bacon (1992) a 24 day 
cold treatment of winter oat cultivars reduced the time required for panicle emergence an average 
of 19 days. 
Triticale also has a vernalisation requirement in some cultivars, being a hybrid of wheat the 
vernalisation requirement appears to be similar (Stolcova, 1990). Rye corn also requires 
vernalisation in ‘winter’ cultivars, again this is a similar length to wheat (Gott et al., 1955). 
2.5.3 Photoperiod 
Photoperiodism is the ability of plants to detect changes in day length, in sensitive species this 
change in day length is used to determine floral initiation. The change in day length is perceived 
through the change in activity of the photoreceptive pigment phytochrome. When exposed to the 
red area of the visible light spectrum the phytochrome pigment changes from its inactive state (Pr) 
its active state (Pfr). When a certain level of the active state is perceived by the plant a response is 
triggered (Thomas and Vince-Prue, 1997). The photoreceptive pigments are contained within the 
mature leaves of the plant, hence photoperiod can only be perceived after the emergence of the 
first leaf (Bernier et al., 1993). 
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Plants can fall into three categories of photoperiod response; long-day plants which 
respond to an increase in Pfr above a threshold, short-day plants which respond to a decrease in Pfr 
below a threshold and day-neutral plants which do not initiate flowering in response to day length 
(Mauseth, 2014). Wheat, rye corn, oats and triticale are categorised as a facilitative long day plants, 
meaning that in general they responds to an increase in Pfr, but it is not necessary for flowering 
(Mauseth, 2014). The importance of photoperiod as a factor in flower initiation in cereals is highly 
cultivar sensitive, with many modern cultivars, especially ‘spring’ types having the ability to flower 
without meeting any photoperiod requirement (Almeida, 2011). The reduction of day length 
sensitivity is considered part of the ‘green revolution’ in the 1960s and 1970s that increased wheat 
yield at a rate of 3.6% per annum. The decrease in day length sensitivity is beneficial to cultivar 
versatility allowing a single cultivar to grow successfully as varying latitudes which allowed plant 
breeders to focus on other aspects of plant yield enhancement (Almeida, 2011).  
Despite the ability to flower without photoperiod meeting photoperiod requirements, a 
long day is still beneficial to wheat development as day length neutrality is yet to be reached. The 
difference in response to day length of spring wheat cultivars can be seen in Figure 2.5 with the 
cultivars ‘Early Thatcher’ and ‘Yandilla King’ showing no flowering with day lengths shorter than 12 
and 14 hours respectively, while ‘Sunset’ shows minimal difference in time to flowering with day 
lengths down to 8 hours. 
 
Figure 2.5: Effect of daylength on the time to the appearance of double ridges at 23/18C in eight 
spring wheat cultivars (Evans and Blundell, 1994). Sunset (○); Ciano (Δ); Yaqui 50 ( ); 
Kalyansona (●); Heron (□); Mardler (◊); Early Thatcher ( ); Yandilla King ( ) 
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  Locatelli et al. (2008) categorised oat cultivars into three distinct groups based on the 
apparent sensitivity of the cultivars to photoperiod based on three years field data. This again 
highlights the differences of photoperiod sensitivity between cereal cultivars. The categories were 
based off the average position of the days to flowering seasonally. The three categories were; those 
who flowered relatively early in the summer but late in the winter, these were the photoperiod 
sensitive cultivars; those who flowed relatively early regardless of day length, the photoperiod 
insensitive cultivars; and finally those flowered relatively earlier in winter than in summer, these 
cultivars were found to have a vernalisation requirement. 
Table 2.6: Days to flowering for oat genotypes: winter 1999 – 2001, summer 2000 – 2002, three 
winters and three summers average (Locatelli et al., 2008). 
a Percentage related to the average in the season. 
2.5.3.1 Relationship between photoperiod and vernalisation  
Vernalisation requirements in wheat are highly sensitive to photoperiod, especially in facilitative 
cultivars. In facilitative cultivars, an increase in day length will increase the rate of development, 
even without the vernalisation preference being completed. However in obligate cultivars the 
increase in day length can be detrimental to vernalisation. In obligate cultivars it is important that 
the vernalisation requirement is fulfilled before daylength increases, this is demonstrated by Figure 
2.6. In Figure 2.6 it is shown that vernalisation rate decreases at a greater rate and final leaf number 
and thermal time to anthesis increase at a greater rate when a plant is exposed to increasing 
vernalisation temperature at longer day lengths. 
 
Genotype Days to flowering 
 
Winter 
1999  
Summer 
2000  
Winter 
2000  
Summer 
2001  
Winter 
2001  
Summer 
2002  
Winter 
Average 
Summer 
Average 
UFRGS 8 100 
(83.3a) 
53 
(81.5) 
113 
(83.0) 
46 
(82.1) 
83 
(75.6) 49 (75.5) 
99 
(81.1) 
49 
(83.0) 
UFRGS 881971 106 
(88.3) 
79 
(121.5) 
126 
(92.6) 
71 
(126.7) 
108 
(98.2) 
67 
(121.8) 
113 
(92.6) 
72 
(122.0) 
UFRGS 930605 105 
(87.5) 
70 
(107.6) 
127 
(93.4) 
73 
(130.3) 
97 
(88.2) 
66 
(120.0) 
110 
(90.2) 
70 
(118.6) 
Amagalon/4*Ogle 136 
(113.3) 
63 
(96.9) 
151 
(111.0) 
59 
(105.3) 
118 
(107.3) 51 (92.7) 
135 
(110.6) 
58 
(98.3) 
Coker 492/Starter-
1 
132 
(110.0) - 
145 
(106.6) 
44 
(78.5) 
125 
(113.6) 48 (87.3) 
134 
(109.8) 
46 
(77.9) 
PC68/5*Starter 139 
(115.8) 
59 
(90.7) 
152 
(111.7) 
46 
(82.1) 
133 
(120.0) 49 (89.1) 
141 
(115.6) 
51 
(86.4) 
Average 120 
(100.0) 
65 
(100.0) 
136 
(100.0) 
56 
(100.0) 
110 
(100.0) 
55 
(100.0) 
122 
(100.0) 
59 
(100.0) 
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Conversely it has also been demonstrated experimentally in wheat that exposure to long 
periods of short day length can override the requirement for vernalisation (Evans, 1987). Where 
plants were exposed to 21/16oC days the wheat plants took half the number of days to reach 
inflorescence initiation under an 8-hour photoperiod as they did under a 16-hour photoperiod. This 
is also seen in Brooking and Jamieson (2002) where under a 8-hour photoperiod vernalisation rate 
only slightly decreased from 8oC to 22oC. This is not what would be expected as vernalisation rate 
generally decreases significantly from 7oC to 15oC, where upon vernalisation would cease (Ottman 
et al., 2013). 
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Figure 2.6: Effects of the vernalisation temperature on the (A) vernalisation rate, (B) final leaf 
number and (C) thermal time between sowing and anthesis of the TDabd line treated 
under the short (8h, filled circles) and long (16 h, open circles) photoperiods (Allard et 
al., 2011)  The values are the mean (SD) of six replicates  
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Based of the prior results it can be observed that exposure to long period of short day can 
reduce or potentially in some instances replace the need for vernalisation in obligate cultivars. 
However the presence of long days can hinder and in some instances even prevent the fulfilment 
of vernalisation requirements in obligate cultivars. In facultative cultivars, the presence of short 
days is beneficial and long days detrimental.  
2.5.3.2 Relationship between photoperiod and thermal time 
The response to photoperiod is also highly dependent on temperature, with cereals often able to 
flower under suboptimal photoperiod or temperature given that the other factor is optimal.  
 Rahman and Wilson (1978) showed that plants had a greater response to photoperiod 
under cooler temperatures ( Table 2.7). At 16/9oC the increase from normal (12.5 to 14 hour) to a 
24-hour photoperiod decreased the duration of the spikelet phase from 18.8 to 12.0 days, a 6.8 
day decrease. Whereas at the highest temperature of 30/23oC the response decreased from 12.0 
to 8.8 days, a decrease of only 3.2 days, less than half that of the lower temperature.  
Photoperiod effects on the response of the cultivars to change in temperature are not as 
great. Rahman and Wilson (1978) demonstrated this by showing the difference in response to 
changing temperature across each day length regime. Under a normal (12.5 – 14 hour) photoperiod 
there was an average decrease across cultivars from 17.75oC to 11.57 oC, whereas under the 24 
hour photoperiod the decrease was 12.65 to 8.25, both these decreases are 34.8%. 
This data however is limited by the expression on development time in days; a more helpful 
indication of the effect of the relationship between temperature and photoperiod would be to 
relate developmental time to thermal time. A calculation of thermal time from the data available 
indicated that that the thermal time of the lowest temperature set is 12.5 GDD, while that of the 
highest is 26.5 GDD. As the thermal time of the greatest temperature set is over twice that of the 
lower, displaying the data in this form makes it difficult to separate the true effect of photoperiod 
on the duration of the spikelet phase as it is highly linked to the effect the differing thermal time 
will have at each temperature. 
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Table 2.7: Duration (days) of the spikelet phase (floret initiation to terminal spikelet) in various 
wheat cultivars at different temperatures (oC) under normal (12.5 - 14.5 hour) and 24 
hour photoperiods (Rahman and Wilson, 1978) 
Cultivar Normal Photoperiod 24 hour Photoperiod 
 16/9oC 23/16oC 30/23oC 16/9oC 23/16oC 30/23oC 
8-27 18.8 11.6 12.0 12.0 9.8 8.8 
Kogat 16.0 10.0 12.6 10.2 9.8 6.2 
8-23 20.6 11.8 12.4 13.2 9.2 8.2 
Selkirk 22.6 17.6 18.0 19.6 16.0 15.0 
Kalyansona 20.8 10.8 8.4 15.0 10.0 7.8 
Thatcher 16.6 10.8 11.8 11.0 10.2 8.8 
Sunset 13.0 7.0 6.0 9.0 6.8 5.0 
Gabo 13.6 9.6 11.4 11.2 9.2 6.2 
LSD (1%) 0.7 0.8 
 
2.6 Objectives of the experiment 
The objectives of this experiment are to analyse the effect that early sowing date and grazing has 
on cereal cultivars under New Zealand conditions. This is an area for which literature is lacking. 
Based on foreign research there could potentially be great benefit to the New Zealand mixed 
cropping system if early sowing dates and grazing are suitable for use in cereal crops. 
To assess the suitability of cultivars and species for dual-purpose use the biomass production 
and development will be measured and related to development factors. The results will then be 
compared with the literature. 
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2.7 Conclusions 
 Dual-purpose crops have the potential to increase the income of the arable farmer in two 
key ways; increasing income and decreasing the requirement for agrichemicals, decreasing 
costs. 
 Dual-purpose crops should be sown 2 – 4 weeks earlier than the equivalent grain only crop. 
The earlier sowing maximises the growth of the cereal before winter. Development change 
to reproduction must be inhibited to increase the amount of forage available come grazing 
and to increase the grazing tolerance of the crop. 
 Development is measured in cereals as both whole plants and on the apical meristem. 
These are measured using numerical based keys. 
 Development of cereals is regulated by three key factors; photoperiod, thermal time and 
vernalisation 
 Thermal time affects the development rate of cereals at all stages of development. The 
plant must meet certain thermal time requirements to proceed through the developmental 
stages 
 Vernalisation is only a factor affecting development in some cereal cultivars, these cultivars 
are usually designated ‘winter’ cereals. Most cereals used in dual-purpose situations are 
winter cereals. 
 Cereals with a vernalisation requirement cannot under normal circumstances reach double 
ridge state of the apex without the fulfilment of vernalisation requirement. 
 To become ‘vernalised’ the cereal must be exposed to a quantity of chilling, this allows the 
plant to flower. The chilling is perceived by the apex and can occur at any time from 
imbibition. 
 Photoperiod is the measure of the change in day length by the plant through the use of 
pigments named phytochrome. The perception of photoperiod also affects the cereals 
ability to flower. Cereals are long day plants so they so they require the perception of an 
increase in daylength over a threshold to flower.  
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3 Materials and methods 
3.1 Experimental site 
The experiment was conducted in Iverson field (Block 3) adjacent to the Lincoln University Field 
Services Centre, Canterbury, New Zealand (43o38’ S, 172o28 E, 11 m.a.s.l.). The soil was classified 
as a ‘Wakanui’ silt loam with 180 – 350mm of silt loam top soil overlaying variable textural layers 
ranging from a clay loam to a sandy loam, observation would indicate that this particular soil falls 
to the clay loam end of this scale. Below the top 2 m of fine material is stony gravel and stones 
(Cox, 1978).  
In April 2010 the experimental site was sown in ‘Bealey’ tetraploid perennial ryegrass 
(Lolium perenne). The paddock was cultivated and planted in Peas (Pisum sativum) in October 2012, 
these peas were harvested in early 2011, after which the paddock was left fallow. After the fallow 
period in September 2011 the paddock was again cultivated and sown, this time into oilseed rape 
(Brassica napus), this was sprayed out with glyphosate 360 in November. Following this the 
paddock was sown in fodder beet (Beta vulgaris), this crop was harvested by February 2012. In 
February 2012, the paddock was briefly sown in an unspecified brassica/s, which was cut and 
burned in March 2012. The paddock was left fallow until February 2013. 
The crop preceding this experiment, Caucasian clover (Trifolium ambiguum) was sown in 
February 2013, in October 2013 the Caucasian clover was ploughed up and Dutch harrowed. The 
experimental site was then sprayed twice with ‘Roundup Transorb’ (glyphosate 540 g L-1 a.i.) at a 
rate of 2 L/ha, once each in November and December. The first time of sowing (TOS) (20 December 
2013) was sown into this seedbed, subsequent sowing dates (7 February (TOS 2), 3 April (TOS 3) 
and 21 May 2014 (TOS 4)) received a pass each with a rota-crumber, power harrow and roller prior 
to drilling. The empty plots of TOS 3 and 4 received an application of ‘Roundup Ultra’ (glyphosate 
570 g L-1 a.i.) on 1 April. All plots were rolled immediately after drilling.  
3.2 Experimental Design 
The experiment is a split plot design blocked by sowing date and again blocked by three replicates. 
The experimental treatments included four sowing dates (main plots), 14 cultivars (sub plots) and 
two grazing treatments (Subsections) resulting in 336 plots in total (see appendix 1). The four dates 
of sowing were; 20 December 2013, 7 February 2014, 3 April 2014 and 21 May 2014. The cultivars 
selected consisted of eight cultivars of winter wheat (Triticum aestivum L.); ‘Claire’, ‘Empress’, 
‘KWW42’, ‘KWW46’, ‘KWW47’, ‘Phoenix’, ‘Richmond’ and ‘Wakanui’; three cultivars of triticale (× 
Triticosecale),  ‘Double Take’, ‘Empero’ and ‘Prophet’; two cultivars of oats (Avena sativa), ‘Milton’ 
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and ‘Coronet’ and one rye corn (Secale cereale), ‘Amilo’. All cultivars were selected for their winter 
growth habits and long vegetative stages which made them the most suitable cultivars of their 
respective species for grazing. The growth habits and breeders of the cultivars are shown in Table 
3.1.
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Table 3.1: Origin, description and breeder/importer of the plant cultivars used 
Cultivar Country of Origin Description Breeder/Importer 
Wheat    
Claire United Kingdom 
 
Slow developing, late 
maturing winter 
milling wheat 
Limagrain (UK) 
PGG Wrightsons (NZ) 
Empress New Zealand 
 
Full season winter 
biscuit wheat 
Plant & Food Research 
Luisetti Seeds 
KWW42 
(Katch 42) 
United Kingdom Intermediate maturing 
winter wheat 
Similar to Phoenix 
Limagrain (UK) 
PGG Wrightsons (NZ) 
KWW46 United Kingdom Long season winter 
wheat 
Limagrain (UK) 
PGG Wrightsons (NZ) 
KWW47 United Kingdom Slow developing, late 
maturing winter wheat 
Similar to Claire 
Limagrain (UK) 
PGG Wrightsons (NZ) 
Phoenix United Kingdom 
 
Intermediate to late 
maturing winter wheat 
Similar to KWW42 
Limagrain (UK) 
PGG Wrightsons (NZ) 
Richmond United Kingdom Late maturing winter 
wheat 
Midlands Seeds Ltd. 
Wakanui New Zealand Late maturing winter 
wheat 
Plant & Food Research 
Luisetti Seeds 
Triticale    
Double Take New Zealand Slow developing 
forage triticale with a 
prostrate growth habit 
giving low growing 
points 
Plant and Food 
Research 
Empero Sweden Long season, slow 
maturing grain triticale 
Lantmänenn (Sweden) 
PGG Wrightsons (NZ) 
Prophet New Zealand Slow maturing forage 
triticale 
Plant and Food 
Research 
Oats    
Milton New Zealand Rapid establishing 
forage oat 
Plant and Food 
Research 
Coronet New Zealand Later maturing forage 
oat 
Plant and Food 
Research 
Rye corn    
Amilo New Zealand Early to intermediate 
maturing milling rye 
corn 
PGG Wrightsons 
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3.3 Experimental area 
Each plot was 2.1 m by 15 m and sown with a single run of an Oyjoord cone seeder with 0.2m 
spacing between runs. Buffer zones 6m in width were sown with the wheat cultivar ‘Empress’. The 
sowing rate of the plots selected taking into account the expected germination rates of the species 
to result in a plant population of 200 plants/m2. To achieve this target population, sowing rates 
were as follows; ‘Empero’, 120 kg ha-1; Phoenix, 124 kg ha-1; Claire, 112 kg ha-1; ‘KWW46’, 106 kg 
ha-1; ‘KWW47’, 100 kg ha-1; ‘KWW42’ 110 kg ha-1; ‘Wakanui’ 108 kg ha-1; ‘Coronet’ 76 kg ha-1; 
‘Prophet’ 94 kg ha-1; ‘Double Take’ 114 kg ha-1; ‘Richmond’, 90 kg ha-1; Milton, 70 kg ha-1; ‘Empress’, 
90 kg ha-1; and Amilo, 80 kg ha-1. Immediately prior to sowing 250 kg ha-1 Superphosphate (9% P, 
11% S) and 100 kg ha-1 Urea (46% N) was hand spread on the plots.  
3.4 Meteorological data 
Mean monthly air and total monthly rainfall data was collected from Broadfields meteorological 
station, located approximately 2km north of the experimental site (43o62’S, 172o47’E). The data for 
the experimental period is presented in Figure 3.1, in addition to the long term (35 year means for 
the average monthly temperature and total monthly rainfall for the period 1981 – 2000 which were 
recorded in the same location. The temperature averages were similar to the average data, only 
differing with slightly below average temperatures during January (15.8oC vs. 17.6oC). The overall 
average temperature for the experimental period was almost identical to the long term average, 
averaging 11.9oC as opposed to 12oC. Total rainfall during the experimental period was slightly 
greater than the long term average with a total of 591mm compared with 527mm. The rainfall was 
also evenly distributed with most months either receiving below or above the average. The greatest 
rainfall occurred in the months of March and April, where rainfall was 68mm and 114mm above 
the long term average. The lowest rainfalls occurred in January and August where rainfall was 29 
and 49mm below the long term average respectively. Rainfall over the summer months was 
sufficient enough to allow that the plan to irrigate the plots was never carried out
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Figure 3.1 a. Total monthly rainfall and b. mean monthly air temperature for the 2013/2014 
growing seasons. Data was obtained from the Broadfields meteorological weather 
station site (43o62’S, 172o47’E). 
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3.5 Grazing management 
The livestock obtained from this experiment were all obtained from the replacement flock ewe 
mob off the Lincoln University Ashley Dene farm. As opposed to controlled stocking rate, the plots 
were subjected to a ‘crash grazing’ treatments, simulating what might be experience by break 
fencing. The sheep were left on the plot until the plots were grazed to a height of approximately 2 
– 3 cm. After grazing one, plots were mown with a silage chop and catcher to even the grazing 
treatments as the plots were not grazed evenly. The dates and durations of each grazing for each 
sowing date can be seen in Table 3.2. 
During grazing ‘flexinet’ (temporary electric fences) were erected around the centre of 
each plot which was to receive a grazing, effectively halving the area (see appendix 1). The flexinet 
was also erected round the plots not receiving a grazing 
Table 3.2: Grazing date, duration and treatment for all cultivars at each sowing date 
Sowing Date Grazing date and treatment 
1 (20 December) 18 – 23 March 
150 ewe hoggets 
5 – 8 May 
150 ewe hoggets 
31 July – 4 August 
200 ewe hoggets 
2 (7 February)  
3 (3 April)   
 
3.6 Site management 
Agrichemicals were applied to the plots to control the weed, pest and fungi burden on the crop. 
Over the duration of the experiment TOS 1, 2 and 3 received application of; ‘Stella’ fungicide (a.i. 
125 g L-1 epoxiconazole), 1 L ha-1 and ‘Karate’ insecticide (a.i. 250 g L-1 Lambda-cythalothrin), 40 mL 
ha-1 on 14 April, this was applied only to the un-grazed subsection of the crop. Un-grazed plots also 
received application of ‘Proline’ fungicide (a.i. 250 g L-1 prothioconazole), 600 mL ha-1, ‘Moddus’ 
growth regulator (a.i. 250 g L-1 trinexapac-ethyl), 400 mL ha-1, ‘Seguris Flexi’ fungicide (a.i. 125 g L-1 
isopyrazam), 1 L ha-1 and ‘Pirimol’ insecticide (a.i. 500 g kg-1 primicarb), 250 g ha-1, 19 September. 
Finally the un-grazed plot received an application of ‘Hussar’ herbicide (a.i. 150 g L-1 mefenpyr-
diethyl), 1 L ha-1 and ‘Partner’ adjuvant (no active ingredient), 250 g ha-1) on 23 September.  
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3.7 Measurements 
3.7.1 Above ground biomass 
Samples were collected from the grazed sub section of each sub plot pre and post grazing. The 
biomass was collected using clippers at ground level cutting 4 consecutive rows 50 cm in distance 
(0.3 m2). In addition on the grazing measurements all un-grazed plots that has not yet flowered 
were harvested in the same manner on 13th of August, shortly following grazing three to allow a 
comparison of the dry matter produced by both treatments. 
Fresh weight of each sample was determined, before a sub sample (50 – 100 g) was 
separated and again weighed. These subsamples were then dried in a forced air oven at 70oC for a 
minimum period of 48 hours. Dried samples were then weighed, allowing the dry matter 
percentage to be calculated and applied to the total sample weight allowing total dry matter 
production to be calculated. This was then related to the size of the quadrat used for the sample 
allowing a yield per hectare to be calculated. 
3.7.2 Plant development 
From 28th of April onwards plant development of all grazed plots was assessed regularly on an as 
necessary basis to allow the accurate determination of the time taken to reach a key developmental 
milestones. The growth stages of the crops were assessed according Zadoks et al. (1974). During 
assessment a number of plants were assessed and a representative stage for the entire plot 
determined. Assessment on the growth stage of the plots was carried out on an as required basis, 
with crops moving towards key stages notes and monitored more intensively. The key stages which 
were monitored for were; growth stage (GS) 30, the point at which the growth point of the plant is 
measure to have risen 1 cm above the soil surface (the base of the plant); and GS 37 (flag leaf 
emergence), the stage at which the tip of the least leaf to emerge before heading is visible. Ideally 
data would have been collected relating to further stages of development, however due to the 
timing of the academic year and the required completion date of this project this was not possible. 
At the 29th of September all plots, grazed and un-grazed, in TOS 1 and 2 were assessed as 
with the regular measurements to allow for a comparison of the grazing treatments. This was also 
carried out for TOS 3 on October 3. 
3.7.3 Apical Development 
From 16th of May onwards the shoot apices of three representative plant from the grazed portions 
of the plots still displaying vegetative growth in time of sowings one and two were sampled to 
determine apical development. Due to time constraints only replicate one has been sampled for 
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apical development. The development stage was determined by destructive dissection of the 
largest/most developed tiller of each plant. The development of the meristem was scored off a 
system based on that in Kirby (2002) and described in Table 3.3 and illustrated in Plate 3.1. 
Table 3.3: Score given to the stage of apical meristem development of each crop, adapted from 
Kirby (2002) 
Score Development Stage 
1 Conical shape – Leaf initiation 
2 Single ridge 
3 Double ridge 
4 Advanced double ridge 
5 Glume primordia 
6 Lemma primordia 
7 Floret primordia 
8 Stamen primordia 
9 Early terminal spikelet 
10 Terminal spikelet 
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3.8 Data analysis 
All analyses were carried out using Genstat 16. The experiment was analysed for the main effects 
(species/cultivar, grazing and TOS) and interactions using the general analysis of variance model. 
Fitted and residual values were approximately normal. For comparison of the means all least 
significant differences (l.s.d.) have been calculated to the p<0.05 level. 
Firstly an orthogonal contrast was carried out between species for both key development and 
biomass data sets. Based on these results all further analysis was carried out based on cultivar and 
only included those from the wheat and rye corn species.  
 a. Stage 3 – Double Ridge 
Plate 3.1: Pictures under magnification of the apex of a wheat plant at a. double ridge (stage 3), 
b. glume primordium (stage 5), c. floret primordium (stage 7) and d. terminal 
spikelet (stage 10) (Wheat BP, 2014). 
 c. Stage 7 – Floret primordium 
 b. Stage 5 – Glume primordium 
 d. Stage 10 – Terminal Spikelet 
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4 Results  
4.1 Plant Development 
4.1.1 Timing of Zadocks’ growth stage 30 in relation to grazing date 
Zadocks’ growth stage GS 30 was measured as this is a commonly recommended stage for the 
termination of grazing. There was a significant interaction (P<0.001) between cultivar and time of 
sowing when the time to GS 30 was analysed (Figure 4.1). The cultivars can be categorized into 
three groups; those which reached GS 30 before grazing (least time to develop), ‘Coronet’, ‘Double 
take’, ‘Empero’, ‘Milton’ and ‘Prophet’; those with an intermediate development time (GS 30 after 
grazing but not usually slower (p<0.05) than the first group), ‘Amilo’, ‘Claire’, ‘KWW46’ and 
‘Empress’; and finally those who took the longest time to develop; ‘KWW42’, ‘KWW47’, ‘Phoenix’, 
‘Richmond’ and ‘Wakanui’. These groups were most distinct at TOS 1, with some changes occurring 
in other sowing dates, moving toward there being no difference (P<0.05) (with the exception of the 
oats and triticale) in TOS 3. These changes between the groups demonstrate the interaction 
between the factors (TOS and cultivar). Some examples of a change due to this interaction are; 
‘KWW42’, despite being in the latter group reached GS 30 before ‘KWW46’ in TOS 2; ‘Richmond’, 
Milton and ‘KWW47’ reaching GS 30 faster in TOS 2 as opposed to TOS 1; ‘Wakanui’, displaying 
little variation in time to GS 30 across all TOS; and ‘Claire’, ‘Prophet’ and ‘Amilo’ displaying a gradual 
increase in time to GS 30 from TOS 1 to 3. 
There was also an interaction (p<0.001) between cultivar and TOS on the thermal times 
required to GS 30. The thermal time requirement decreased (p<0.05) in all cultivars from TOS 1 to 
2. However the thermal time only decreased (p<0.05) in ‘Wakanui’ cultivar from TOS 2 to 3, while 
increased in ‘KWW46’. 
The group of cultivars that typically reached GS 30 before grazing were exclusively oat and 
triticale cultivars, these cultivars demonstrated characteristics not suitable for dual-purpose 
cropping. As these cultivars were not demonstrating suitable characteristics they were removed 
from all other development data analysis. 
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Figure 4.1: Average days after sowing at which cultivars from; a. TOS 1, b. TOS 2 and c. TOS 3 
reached GS 30. Red line indicates time of first grazing. Cultivars with no data reached 
GS 30 before data sampling began (1 March). Error bars show least significant 
interaction (l.s.d.) between cultivar and TOS where significant interactions exist 
(P<0.05). 
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4.1.2 Apical development 
Reliable data for the timing of double ridge stage was only available from 1 replicate of TOS 2, 
hence no statistical analysis could be carried out. 
The cultivars ‘Richmond’, ‘Phoenix’ and ‘KWW42’ all reached double ridge before the first 
grazing. All cultivars had reached double ridge by grazing 2. 
 
Figure 4.2: Date at which apical meristems of each cultivar from TOS 2 reached double ridge stage. 
Red line indicates time of first grazing.  
The thermal time required to reach terminal spikelet decreased with each later TOS in all 
cultivars with the exception of ‘KWW46’, which increased from 2265 to 2373oC days (growing 
degree days) from TOS 1 to 2. The average thermal units required to reach terminal spikelet at TOS 
1, 2 and 3 were 3002, 2389 and 1544oC days respectively. Thermal time was used to display these 
values as it gave a fairer demonstration of the differences in growth by taking into account the 
effect the differing temperatures at each TOS had on the rate of development.  
Date
3.03.14  17.03.14  31.03.14  14.04.14  28.04.14  12.05.14  26.05.14  
KWW42
Amilo
Claire
Empress
KWW46
KWW47
Phoenix
Richmond
Wakanui
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Figure 4.3: Unit thermal required by plants in TOS to reach terminal spikelet. Cultivars are; ‘Amilo’ 
( ), ‘Claire’ ( ), ‘Empress’ ( ), ‘KWW42’ ( ), ‘KWW46 ( ), 
‘KWW47’ ( ), ‘Phoenix’ ( ), ‘Richmond’ (  ) and ‘Wakanui’ ( ) 
4.1.3 Comparative development in un-grazed plots 
Plants in the un-grazed subsection were with a few exceptions in TOS 2(‘Claire’, ‘KWW46’, ‘Phoenix’ 
and ‘Wakanui’) always at later growth stage (GS) than those in the grazed section. Data from TOS 
1 and 2 was analysed separately to that from TOS 3 as the data was collected at separate dates.  
The significant effects in TOS 1 and 2 were of interaction (P<0.001) between cultivar and 
grazing treatment, cultivar and TOS, and TOS and grazing treatment (Figure 4.4). The effect of 
interaction between cultivar and grazing can be seen by some cultivars being at a greater GS 
(p<0.05) in the un-grazed subsections, while others were not decreased and a few increased 
(p<0.05). The significant interaction of TOS and grazing was the lack of difference (p<0.05) in overall 
average GS between the un-grazed and grazed subsections at TOS 2, with an average GS of 33and 
32 respectively. While all other interactions between the TOS and grazing were statistically 
significant (p<0.05). Cultivar at TOS interacted as some cultivars (‘Claire’, ‘KWW46’, ‘Phoenix’ and 
‘Wakanui’) increased at GS at TOS 2, but decreasing or not changing at TOS 1. 
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Figure 4.4: Comparison of Zadocks’ growth stage in grazed ( ) and un-grazed ( ) subsections in 
a. TOS 1 and b. TOS 2 on the 28 of August 2014 and c. TOS 3 on the 3rd of October. 
Error bars show least significant interactions (l.s.d.), where significant interactions 
exist (P<0.05), as labelled 
In the comparison between grazing treatments in TOS 3 the GS of plots in the un-grazed 
subsection was on average 33.67, while those in the grazed subsection were at a 31.85. This was 
the only significant difference in the data set. 
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Figure 4.5: Comparison of Zadocks’ growth stage in grazed ( ) and un-grazed ( ) subsections 
TOS 3 on the 3rd of October. Error bar shows least significant differences (l.s.d.) 
between grazed and un-grazed subsections, where significant interactions exist 
(P<0.05). 
4.1.4 Thermal time accumulated at Zadocks’ GS 37 flag leaf emergence 
Zadocks’ GS 37 or flag leaf emergence as it is commonly known is the point in development at which 
the tip of the last leaf to appear before heading is visible. This stage was determined by dissection 
of the plant. Subsections which were not subjected to grazing had always accumulated less or equal 
thermal units to the grazed equivalent at GS 37. There was an interaction between both TOS and 
grazing treatment and cultivar and grazing treatment (P<0.001 and P=0.005 respectively). The 
interaction between TOS and grazing treatment was demonstrated through the lack of significant 
increase (l.s.d. 91.92) between grazing treatment at TOS 2, where the grazed and un-grazed 
subsections accumulated an average of 2603.2 and 2648.0oC days respectively. All other 
interactions between the factors TOS and grazing treatment were significant. Between the factors 
cultivar and grazing the interactions can be seen with ‘Claire’ (2527.3 vs. 2524.7oC days), ‘Empress’ 
(2681.6 vs. 2573.7oC days), ‘KWW46’ (2611.0 vs. 2488.4oC days), ‘Phoenix’ (2708.9 vs. 2514.1oC 
days) and ‘Richmond’ (2736.2 vs. 2538.3oC days) on average accumulating more thermal units 
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(p<0.05) before GS 37 under grazing treatment; while the remaining cultivars, ‘Amilo’, ‘KWW42’, 
‘KWW47’ and ‘Wakanui’ did not display a significant difference. . 
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Figure 4.6: Thermal time to Zadocks’ growth stage 37 in grazed ( ) and un-grazed ( ) 
subsections in a. TOS 1, b. TOS 2 and c. TOS 3. Error bars show least significant 
interactions (l.s.d.), where significant interactions exist (P<0.05), as labelled. 
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4.2 Biomass Production 
4.2.1 Pre-grazing biomass under grazing 
Total dry matter prior to grazing 1 was affected by species (P<0.001), there was no potential for 
interaction as only TOS 1 was grazed. The species with the highest average available dry matter 
was oats with 8716 kg ha-1. Prior to grazing two there was a significant interaction between TOS 
and species. The species with the highest average available dry matter was rye corn in TOS 2 with 
4082 kg ha-1. Prior to grazing three there was a significant interaction between species and time of 
sowing. The species with the highest average available dry matter was wheat in TOS 2 with 1663 
kg ha-1. 
At grazing two in interaction is seen through the increase in yield (p<0.0%0 between TOS 1 and 2 
in all species except wheat. At grazing three the interaction can be seen through the change in the 
ranked order of average yield available for each of the species at each sowing date. In TOS the 
cultivars were ranked (from greatest to least) wheat, triticale, oats, rye corn, with no significant 
difference in yields. In TOS 2 the order was wheat, triticale, rye corn, oats, while in TOS 3 finally the 
species were ranked oats, triticale, rye corn, wheat. 
There was a decrease in yield seen in each subsequent grazing across all treatments (Figure 4.7). 
The decrease in yield seen with each grazing was greater in oats and triticale than it was in wheat 
and rye corn, especially between the first and second grazing. From grazing 1 to grazing’s 2 and 3, 
time of sowing (TOS) 1 oat yield decreased 97.6% and 92.3% respectively while triticale decreased 
87.7% and 90.2%. In contrast rye corn only decreased 77% from grazing 1 to 2 and 88.9% to grazing 
three while wheat yield only decreased 63.2% and 77.8%. 
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Figure 4.7: Total dry matter production of; oats ( ), rye corn ( ), triticale ( ) and wheat ( ) 
prior to a. grazing 1, b. grazing 2 and c. grazing 3. Error bars show least significant 
interaction (l.s.d.) between cultivar and TOS where significant interactions exist 
(P<0.05), unless otherwise stated.  
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4.2.2 Accumulated biomass under grazing 
Due to the shown decrease in production by the oat and triticale groups and the damage observed 
to the plants it was again considered that these were not suitable for dual-purpose use at the given 
sowing dates. Therefore only data from the wheat and rye corn species was analysed further.  
When biomass is accumulated each sowing date received an additional grazing to that 
succeeding it, with TOS 1 receiving three grazings and TOS 3 only receiving one (Figure 4.8). On 
average TOS 2 and 3 produced 54.4% (1981 kg ha-1) and 81.1% (821 kg ha-1) less respectively than 
TOS 1 (4347 kg ha-1). 
There were no differences (p<0.05) in the residuals of the cultivars at any grazing, the 
residual had a grand mean of 871 kg DM ha-1. The average residuals following each grazing were 
1077, 984 and 552 kg DM ha-1 following grazings 1, 2 and 3 respectively. 
There is a significant difference (P<0.001) in dry matter consumed between cultivars at 
grazing one. The differences was between ‘Amilo’ and ‘Wakanui’ which have higher yield (4517 and 
4276 kg ha-1 respectively) than all other cultivars. This increase was significant against all cultivars 
except ‘KWW42’. There was no significant difference in the quantity of dry matter consumed at 
each other individual grazing, however these grazings combined form a significant result at TOS 2. 
When accumulated dry matter of all species across all three grazings was analysed there 
was an interaction effect (P<0.001) between time of sowing and cultivar. An example of the 
interaction effect is seen between TOS 1 and 2 in the cultivars ‘Empress’ and ‘Wakanui’. In TOS 1 
‘Wakanui’ has a higher yield than ‘Empress’ (6265 vs. 5285 kg ha-1), but in TOS 2 the yield from 
‘Empress’ is greater (3882 vs. 2585 kg ha-1). Other cultivars with differing responses at varying 
sowing dates included; ‘Amilo’, which ranked second highest for yield amongst cultivars in TOS 1, 
but the lowest in TOS 2; ‘KWW42’, decreased in ranking from TOS 1 to 2; and ‘KWW47’ and 
‘Richmond’, increased in rank. 
TOS 3 as there was no significant difference between cultivars within this sowing date 
compared to multiple differences in each other TOS. 
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Figure 4.8: Accumulated dry matter of wheat and rye corn cultivars at from a. TOS 1, b. TOS 2 and 
c. TOS 3 showing component of total from grazing (G) 1 ( ), G 2 ( ) and G 3 ( ). 
Error bars show least significant interactions (l.s.d.) between cultivar and time of 
sowing, for total consumed where significant differences exist (P<0.05). Unless 
otherwise specified 
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4.2.3 Biomass per unit thermal time under grazing 
The accumulated biomass production was greatest in TOS 1 and least in TOS 3. The time of growth 
for TOS 1 was however greatest and this TOS also had the greatest proportion of favourable growth 
conditions, this difference in growth time and conditions can be measured using biomass 
production per unit thermal time.  
There was a significant interaction between thermal time (TT) and cultivar for biomass per 
unit thermal time (P<0.001) (Figure 4.9). While all kg ha-1 TT-1 figures decreased from TOS 2 to TOS 
3, there were two distinct groups between TOS 1 and TOS 2, those which increased and those which 
decreased. The cultivars which increased are ‘Empress’, ‘KWW47’, ‘Phoenix’ and ‘Richmond’. 
 
Figure 4.9: Total accumulated dry matter per unit thermal time during the grazing period for the 
wheat cultivars ‘claire’ ( ), ‘empress’ ( ), ‘KWW42’ ( ), ‘KWW46’ ( ), 
‘KWW47’ ( ), ‘phoenix’ ( ), ‘richmond’ (  ) and ‘wakanui’ ( ) and the rye 
corn cultivar ‘Amilo’ ( ) at each sowing date. Error bars show least significant 
interaction (l.s.d.) between cultivar and TOS at each cultivar where significant 
interactions exist (P<0.05), unless otherwise stated. 
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4.2.4 Comparative production from un-grazed crops 
There was a significant effect (P<0.001) of grazing treatment on total dry matter accumulation, 
however there was no effect of cultivar or interaction between the two factors. Overall all cultivars 
except KWW47 in TOS 1 cultivar produced more dry matter (p<0.05) without the grazing treatment, 
with an average of 4577 kg DM ha-1 as opposed to an average of 2383 kg ha-1 with grazing. 
 
Figure 4.10: Comparison of the total dry matter accumulation, for plots in a. TOS 1 and b. TOS 2, 
with grazing treatment ( ) and without grazing treatment ( ) in each cultivar. Error 
bars show least significant differences (l.s.d.) between grazing treatments at each 
cultivar where significant differences exist (P<0.05).  
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5 Discussion 
The aim of this project was to sow and manage cereal cultivars in such a way that the available 
biomass from vegetative growth of the plants could be used as feed for stock in times of feed 
deficit. To be successful in this maximum biomass needed to be utilised from the crops, without 
affecting development in such way that it was likely to affect grain yield. 
The manageability and hence suitability of a species or cultivar for use as a dual-purpose 
crop was governed by the reaction of the cultivar to the key factors affecting development, 
vernalisation, photoperiod and thermal time. These factors affected different measures of plant 
productivity and development in different ways depending on cultivar and sowing date. The factors 
were also capable of interacting with one another to produce effects that would not be expected 
from each single factor alone. 
5.1 Triticale and oat cultivars 
5.1.1 Plant development 
In a dual-purpose system it is crucial that the cultivar chosen does not develop past GS 30/31 before 
the desired time of grazing (Grain and Graze, 2008). The cultivars of triticale and oats had always 
(with the exception of ‘Prophet’ in TOS 2 and ‘Empero’ in TOS 3) passed GS 30 at grazing time. This 
limited their ability to recover after grazing, producing low levels of biomass (discussed in the next 
section) and in the case of all cultivars in TOS 1 and all in TOS 2 except ‘Prophet’, the damage cause 
significant plant death, resulting in negligible regrowth. It may be possible that these cultivars could 
be useful if the grazing time was to be changed, however the rapid development of these species 
meant that the grazing window available was very narrow. Virgona et al. (2006) ranks the 
importance of matching cultivar phenology (development length) with environment type “very 
high”. The phenology of the selected oat and triticale cultivars (shorter season) did not match the 
environment type (long and cool). This means these oat and triticale cultivars were not suitable for 
use in this dual-purpose system. 
All oat and triticale cultivars used, with the exception of ‘Milton’ oats were either described 
by the breeder/distributor as slow maturing or slow growing varieties (Table 3.1). The observations 
from the experiment however are that these cultivars were more rapid to establish and mature 
than those of the other species. Therefore it must be assumed that these descriptions are relative 
to other cultivars within the species. This therefore is an important factor to note when selecting 
cultivars for use in dual-purpose systems. As this relative description is often the only description 
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of the expected plant development available, but it is obviously not a sensible description to base 
dual-purpose cultivar selection off. 
5.1.2 Biomass production  
Quantity and timing of biomass availability was important in this project as it reflects whether 
sufficient biomass was available at a times at which it would be useful to the typical New Zealand 
farming system. This impacts the feasibility of implementing this system on a larger scale to 
improve the efficiency of mixed cropping farms in New Zealand. In general the biomass production 
of triticale and oats, although high, was not suitable for use in dual-purpose systems. 
Oats and triticale had the greatest available biomass prior to the first grazing, by species, 
at all sowing dates but one (TOS 2, where rye corn was non-significantly higher). Oat yield was 
greatest prior to first grazing at TOS 1 decreasing with each subsequent sowing date and grazing. 
This matches the research by Martini et al. (2009) which found that oat yield responded positively 
to early sowing dates, with total yield greatest at the earliest sowing date 3rd March and decreasing 
through to the final (of 5 dates) at 5th June. 
 Although these species had greater initial growth and a greater overall yield they had a 
low rate of regrowth after the initial grazing. In the TOS receiving their second grazing in grazings 
two and three, biomass available from oats and triticale was lower than both wheat and rye corn 
and lower than wheat alone respectively. It can be seen therefore that the greater total production 
came solely from the greater first grazing and these crops experienced poor regrowth, so these 
crops were not suitable to be grazed multiple times. This was not likely to be as beneficial to the 
farming system, due to the poor flexibility of timing of this grazing. This is particularly important in 
systems where cereals are sown early, such as this experiment, as it was preferable that more than 
one grazing could be carried out. Poor regrowth of the leaves following grazing would also likely to 
limit the ability to carry out photosynthesis, hence the limiting the ability of the plant to accumulate 
carbohydrates which would likely limit grain yield.  
Based on these observations these cultivars, especially when sown at early sowing dates 
were likely most appropriate for use as a forage only crop. As they were not suitable dual-purpose 
cultivars they are not valuable to this project and unlikely to be of benefit to farmers planning on 
implementing dual-purpose cereals into the farming system. 
5.2 Plant Development of wheat and rye corn as affected by time of sowing and cultivar 
The wheat and rye corn cultivars appeared to progress through the development stages at a slower 
rate than oats and triticale. This was beneficial under the grazing management used in the 
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experiment, as the wheat and rye corn cultivars never reached GS 30 before the first grazing 
treatment (as relevant to TOS). Not reaching GS 30 before grazing means that the apex was unlikely 
to have been damaged by grazing (Fieser et al., 2006; Virgona et al., 2006; Zhang, 2010). The 
minimal grazing damage would minimise the reduction in grain yield that may occur. Although a 
reduction may still occur, it would be relatively less than that which would be expected in the 
triticale and oat cultivars (Virgona et al., 2006). 
It is important to note that all cultivars of wheat and rye corn used in this experiment are 
thought to have some requirement for vernalisation (PGG Wrightsons Grain, 2014; Lusetti Seeds, 
2012). The requirement for vernalisation was important as many of the following results are 
contrary to what would be expected of cultivars with a vernalisation requirement. This highlights 
the effects early sowing dates had on the development of cultivars, through exposing the plant to 
factors that it would not normally experience during its lifecycle. 
A summary of the results and trends related to the development of each of the cultivars 
under grazing at each sowing date are shown in Table 5.1. 
Table 5.1: Comparison of the development rates of cultivars, within and between TOS for the key 
development measurements of; days to GS 30, date of double ridge and thermal time 
to terminal spikelet. Letters indicate significant differences (p<0.05) with (a) 
representing lesser and (c) greater values. While (+), (0) and (–) symbol denote visual 
groupings (no statistical analysis), with (+) greater and (–) lesser. 
* Scores in these sets indicates differences between cultivars in the same column. 
** Scores in this set indicates differences between TOS in the same row. 
 Days to GS 30: 
Within TOS/between 
cultivars * 
Days to GS 30: 
Within 
cultivar/between 
TOS** 
Date 
of 
Double 
Ridge 
Thermal time to 
terminal spikelet: 
Within TOS/between 
cultivar* 
TOS 1 2 3 1 2 3 2 1 2 3 
‘Amilo’ a a a a a b + – 0 - 
‘Claire’ a ab a a a b + + 0 + 
‘Empress’ a ab a a a b + – 0 + 
‘KWW42’ b b a b a a – + 0 + 
‘KWW46’ a a a a a b 0 – 0 + 
‘KWW47’ b ab a c a b + + 0 + 
‘Phoenix’ a ab a c a b – + 0 + 
‘Richmond’ a b a c a b – + 0 + 
‘Wakanui’ a c a c b a + + 0 + 
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5.2.1 Apical development 
The results on the time of apical development (date) to the formation of double ridges (the stage 
at which all spikelet primordia are formed) demonstrated that there was an interaction occurring 
with vernalisation and some other factor, most likely photoperiod. Presumably the effect must 
have been on vernalisation requirements as plants cannot form double ridges on the apex without 
first undergoing vernalisation (Acevedo et al., 2002), however the cultivars in the trial appeared to 
have forming double ridges before completion of vernalisation was possible. Completion of 
vernalisation was not likely to have occurred normally as all plants had reached double ridge stage 
by 29th May. The average temperature for the month of May was 9.6oC, prior to this the averages 
for March and April respectively were 15.4oC and 12.7oC. These temperatures were greater than 
those optimal for vernalisation (7oC, (Ottman et al., 2013)) and close to those at which vernalisation 
ceases (15oC, (Ottman et al., 2013)). It was likely therefore that only cultivars with extremely low 
or no requirement for vernalisation would have vernalised by this point. As mentioned earlier 
however it was thought that all cultivars used should have a requirement for vernalisation.  
The cultivars that reached double ridge stage first were ‘KWW42’, ‘Phoenix’ and 
‘Richmond’, all of which reached double ridge by 27th March. As stated previously the temperatures 
prior to 27th March were not suitable for vernalisation. In the literature and cultivar dossiers all 
three of these cultivars are noted to have some degree of vernalisation requirement. According to 
Brown et al. (2012) ‘Richmond’ was observed to have a vernalisation requirement (showed no signs 
of stem elongation when sown later than 1st August). ‘Phoenix’ also had a vernalisation 
requirement according to Gardner and Barnett (1990), requiring 2 – 4 weeks cold exposure. This 
was supported by PGG Wrightsons recording significant yield decreases due to a slower transition 
to reproductive development and delayed time of maturity at Kimihia with plantings in early-June 
(PGG Wrightsons Grain, 2014), this was likely caused by a longer duration of, or incompletion of 
vernalisation. Information on ‘KWW42’ was difficult to find as it is a relatively new cultivar but PGG 
Wrightsons indicated that yield decrease may be seen with sowing in early-June (PGG Wrightsons 
Grain, 2014), as with the information from this source on ‘Phoenix’ this likely indicates a 
vernalisation requirement. As all these cultivars do have some degree of vernalisation requirement 
it was likely that these three cultivars were affected by the interaction between photoperiod and 
vernalisation. It is thought that under short daylength the requirement of a plant for vernalisation 
can be overridden (Evans, 1987; Brooking and Jamieson, 2002). This allows the plant to carry out 
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development in the apex that would not normally occur without vernalisation. This phenomena 
has been designated “short day induction” (Evans, 1987).  
If short daylength was overriding the requirement for vernalisation this is crucial for the 
development of the dual-purpose crop. If the requirement for vernalisation can be overridden the 
plant would be able to begin reproductive development before the winter. This would be 
detrimental to the dual-purpose crop in two ways; it would affected the total biomass available, 
with total leaf number typically determined at double ridge stage, as after this point there would 
be suppression of the formation of leaf primordia (Kirby, 2002); and it would have affected the 
ability to harvest a grain yield off the plant, as the plant may flower at a time of year at which 
harvest would be impractical or the reproductive organs may become damaged by the adverse 
conditions over winter e.g. frost or hail (Prášil et al., 2004). In addition although the response to 
vernalisation was mainly seen at the apex the increase in apical development may also promote 
stem elongation. This would limit the time period over which grazing can occur without risking 
damage to the crop.  
It is advisable that the potential for short daylength induction of vernalisation be assessed 
when determining the suitability of a cultivar for use at early sowing dates. Based off the results 
‘KWW42’, ‘Phoenix’ and ‘Richmond’ were the least suitable for dual-purpose use. ‘KWW46’ also 
shows a relatively earlier date of double ridges, so also may be less suitable. 
What cannot been seen by the double ridge data, due to the lack of data availability, was 
the effect of TOS on apical development. The effect of TOS can however be seen by the differences 
in thermal units required to reach terminal spikelet. The thermal units required to reach terminal 
spikelet were more variable at TOS 1, with 3 cultivars (‘Empress’, ‘Amilo’ and ‘KWW46’) taking 
noticeably less thermal time to reach this stage. At TOS 2 and 3 the time taken was very similar by 
all cultivars, with the exception of one outlier at TOS 3 (‘Amilo’). The timing of the formation of 
terminal spikelet was likely primarily affected by photoperiod, as timing of this stage was similar 
within cultivars and between TOS. The slight variations seen, primarily at TOS 1, were likely due to 
the indirect ‘memory’ effect of vernalisation (or short daylength induction of vernalisation) 
described in Slafer and Rawson (1994). The ‘memory’ effect is the related effect that fulfilling the 
requirement for vernalisation has on decreasing time to double ridge stage and the carry over 
effect this has by increasing plants ability to respond to photoperiod at an earlier date, allowing 
terminal spikelet (and other following developmental stages) to occur more rapidly. The primary 
effect being photoperiod was also consistent with the decrease in thermal units that was required 
to reach terminal spikelet at each subsequent TOS. 
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As there was little effect of cultivar or TOS on the timing of terminal spikelet (TS), this was 
not likely to be a factor in determining the suitability of cultivars for dual-purpose use. 
5.2.2 Zadocks’ growth stage 
5.2.2.1 Zadocks’ growth stage 30 
Growth stage (GS) 30 is the point at which stem elongation begins. This growth stage is defined by 
the observation that the growth point of the plant has risen approximately 1 cm above the soil 
surface (Zadoks et al., 1974). This is the last point at which grazing is safe in all conditions (crops 
can be grazed to GS 31 when there is no risk of pugging) (Grain and Graze, 2008). As this was the 
safest time to graze the crop while still maximising biomass available the timing of this stage was 
very important to the usefulness of cultivars in a dual-purpose system. 
The time taken to reach GS 30 was much more variable at TOS 1 than any other TOS, with 
accumulation becoming the least variable in TOS 3. In TOS 1 there were two distinctive groups; 
‘Amilo’, ‘Claire’, ‘Empress’ and ‘KWW46’, which reached GS 30 shortly after the grazing time; and 
‘Wakanui’, ‘Richmond’, ‘Phoenix’, ‘KWW47’ and ‘KWW42’, which reached GS 30 after the previous 
group. These results contrast with the results for physical development, with those cultivars that 
reached double ridge stage first (‘KWW42’, ‘Phoenix’ and ‘Richmond’) reaching GS 30 in the latter 
group. The relationship was closer between terminal spikelet and GS 30 with the cultivars ‘Amilo’, 
‘Empress’ and ‘KWW46’ which reached terminal spikelet first at TOS 1 also reaching GS 30 first. 
As there was no clear correlation between the length of time or thermal units required to 
reach double ridge and GS 30 it was likely that the external factors that govern both apical and 
physical development differed. However physical development trends do fit better with those seen 
for time to terminal spikelet. This is as noted in Simmons (1987) where it was stated that there was 
little relationship between Zadocks’ growth stage and double ridge stage, but that terminal spikelet 
was more relatable to physical growth stage. Therefore potentially the factors that governed the 
rate of development to double ridge differed to those which affected terminal spikelet and GS 30. 
This was likely the case as the development of double ridges must occur after the fulfilment of 
vernalisation (Acevedo et al., 2002). Therefore as vernalisation requirement was fulfilled before 
double ridge stage it would no longer directly affect development past this point. The factors that 
most likely affected the development to GS 30 of the plants were photoperiod and thermal time. 
Contrary to what would be expected by a photoperiod response, the cultivars that took the 
longest period of time to reach GS 30 in TOS 1 (‘Richmond’, ‘Phoenix’, ‘KWW47’ and ‘KWW42’ with 
the exception of ‘Wakanui’) reached this GS at a later date than they did at TOS 2. This indicated 
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that in TOS 1 these cultivars were exposed to factors that were greatly unfavourable to growth. 
Following the first grazing of this TOS the residual dry matter remaining after grazing was noted to 
be particularly uneven due to preferential grazing (caused by the advanced development of the oat 
and triticale cultivars). To even out the residual these plots were mown, this mowing treatment 
was in retrospect too intensive for the crops. It is likely therefore that these cultivars were 
particularly damaged by this grazing treatment. Out of this group two sub categories of grazing 
tolerance can be formed based on the relative development time increase that occurred. The 
cultivars ‘Phoenix’ and ‘KWW47’ which took longer (p<0.05) than the other cultivars to reach GS 30 
at TOS 2, hence the relative increase in development time between TOS 1 and 2 was lesser, 
indicating that the grazing tolerance of these cultivars was likely relatively higher. ‘KWW42’ and 
‘Richmond’, while taking longer (p<0.05) at TOS 1 did not take longer (p<0.05) at TOS 2, hence the 
increase in development time was relatively greater. A greater difference in development time 
indicated that these cultivars were relatively more affected by the grazing treatment hence they 
appeared less grazing tolerant.  
No data was measured that could determine the exact reason ‘Richmond’, ‘Phoenix’, 
‘KWW47’ and ‘KWW42’ appeared less grazing tolerant, there were however three potential factors 
that may have affected grazing tolerance. Potentially these cultivars may have reached or been 
close to GS 30 prior to grazing 1, this would have increased the likelihood that the mowing process 
caused damage to the plant (Grain and Graze, 2008). The plants may have been slower to regrow 
following grazing. The slower regrowth was likely to have occurred in ‘KWW42’, ‘Phoenix’ and 
‘Richmond’ which had reached double ridge stage affecting leaf generation. This would have 
affected the ability of the plant to respond to  daylength and thermal time (Hay and Porter, 2006) 
hence stalling the response of the plant to these factors. These cultivars may also have growth 
factors that made them less robust to the grazing process, i.e. poor root structure (Hennessy and 
Clements, 2009).  
At TOS 2 these cultivars are likely affected by the normal external factors. Of the wheat and 
rye corns six cultivars showed no difference (p<0.05) in the time taken to reach GS 30, while 
‘Phoenix’, ‘KWW42’ and ‘Wakanui’ took longer (p<0.05) than some of the other cultivars. ‘KWW42’ 
and ‘Phoenix’ are both in the group that reached double ridge stage of the apex most rapidly. These 
cultivars reached double ridge before the plant reached GS 30, this would have affected the way 
they responded to grazing. Reaching double ridge stage earlier would limit the development rate 
as it would limit the ability of the plant to regenerate the canopy post grazing (Acevedo et al., 2002). 
A limited ability to regenerate the canopy would limit the rate of development by hindering the 
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photosynthetic capability of the plant, with only vegetative tillers (tillers which have not reached 
double ridges) able to fully regrow and photosynthesise (Hay and Porter, 2006). It appears that 
‘Phoenix’ was most able to regrow, reaching GS 30 and 37 faster than ‘Phoenix’ (p<0.05). This could 
be due to the cultivar sustaining grazing damage.  
The final cultivar in the group that took longer to reach GS 30 at TOS 1 was ‘Wakanui’. 
‘Wakanui’ differed from the other cultivars as it reached GS 30 at a similar date regardless of TOS, 
this date was also later (P<0.05) than all other cultivars in TOS 2. It is likely this response was due 
to a requirement for the perception of a long daylength. ‘Wakanui’ appeared to receive greater 
damage from grazing than other cultivars. ‘Wakanui’ is categorised a “tall” cultivar by FAR and was 
noted to have prostrate growth prior to grazing, this could have caused greater trampling damage 
to the plants when grazed. Excessive removal or damage of leaves, such is possible from trampling, 
will limit the ability of a cultivar to respond to thermal time and photoperiod. As ‘Wakanui’ also 
reached double ridge stage before grazings it would have been limited in its ability to regenerate 
these removed leaves, further stunting development (Acevedo et al., 2002). Hence Wakanui was 
likely only able to respond to a strong increase in daylength, responding nearer to the equinox (the 
time at which day length was changing most rapidly). It was likely that photoperiod was also the 
main factor driving all cultivars to reach GS 30 at TOS 3, with cultivars all reaching this stage at a 
similar time. The time at which all cultivars reached this stage was similar to that at which ‘Wakanui’ 
did at all TOS. The reason causing this for the cultivars in TOS 3 however was more likely related to 
the poor conditions for growth rather than any grazing damage. Later development occurring due 
to the natural conditions was less likely to be detrimental to the crop, it may in fact be beneficial, 
protecting the crop from frost and grazing damage (Prášil et al., 2004). 
The group that reached GS 30 first in TOS 1 can again be divided into two groups, the groups 
were based on the GS of the cultivars at August 28th when comparisons of GS occurred. The cultivars 
‘Claire’, ‘Empress’ (at TOS 2) and ‘KWW46’ remained at GS 30, while ‘Amilo’ and ‘Empress’ (at TOS 
1) had regressed back to the tillering stages of development. These cultivars showed no indication 
of the stem elongation recorded previously on March 29, May 15 and April 16 for ‘Amilo’ TOS1, 
‘Amilo’ TOS 2 and ‘Empress’ TOS 1 respectively. The fact these cultivars were at an earlier growth 
stage than previously recorded indicated that they developed faster than the other cultivars. A 
decreased GS indicated grazing damage as the reproductive tillers of the plant must have surpassed 
GS 31/32 in order to have been removed/destroyed by grazing (Grain and Graze, 2008).  This 
grazing damage will have necessitated that some of the lower order tillers began developing at the 
apex (Fraser and Dougherty, 1977). These tillers would have been able to photosynthesise more 
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actively due to the later date of suppression of leaf primordia formation. However this damage 
would have likely resulted in yield reduction  (Fraser and Dougherty, 1977) , this yield decrease 
would be greater in drought prone areas as a longer development time would have increased the 
likelihood of a soil moisture deficit occurring before or during grain fill (Virgona et al., 2006). 
Therefore ‘Amilo’ and ‘Empress’ are less suited to dual-purpose use under early sowing dates. 
The cultivars ‘Claire’ and ‘KWW46’ which appeared to receive the least detrimental effects 
from grazing are said to be similar in response to environmental factors (PGG Wrightsons Grain, 
2014). These cultivars appear to have a moderate vernalisation requirement. These cultivars 
reached GS 30 and 37 at similar time at TOS 1 and 2, but took longer (p<0.05) at TOS 3.  The reason 
that these cultivars took slightly longer at TOS 3 was likely due to taking somewhat longer to fulfil 
the vernalisation requirement. At TOS 3 the cultivars would not have been able to respond to 
photoperiod until the vernalisation requirement was completed (Hay and Porter, 2006), potentially 
being hindered in the completion by the increasing photoperiod (Allard et al., 2011). At TOS 2 
however GS 30 was reached more rapidly meaning these cultivars were more likely to experience 
decreased grain yield due to grazing, hence less suitable for use in a dual-purpose system. 
5.3 Biomass accumulated from wheat and rye corn 
Within the wheat and rye corn species there are nine cultivars (8 wheat, 1 rye corn). The 
accumulated biomass produced was affected by the interaction between cultivar and TOS. There 
were no differences (p<0.05) in the residuals of the cultivars at any grazing, the residual had a grand 
mean of 1077 kg DM ha-1. 
The accumulated yield was more variable at TOS 1 with difference (p<0.05) between 
several of the cultivars (‘Amilo’ and ‘Wakanui’ vs. ‘Claire’, ‘KWW46’, ‘KWW47’, ‘Phoenix’ and 
Richmond). At TOS 2 there was only difference between ‘Empress’ and ‘Amilo’ vs. ‘Claire’ and 
‘KWW42’. Finally at TOS 3 there was no difference between cultivars. Additionally with the 
exception of TOS 1, grazing 1 there was no difference (p<0.05) in dry matter removed between 
both cultivars and TOS at any specific grazing event. This indicates there were more environmental 
factors to which cultivars responded differently to between December 20th and March 18th than 
there were at other times in the experimental period. This could be due to the increased 
temperature at this time of year. The winter cultivars used in this experiment were not developed 
to experience summer conditions on emergence. As discussed previously these early sowing dates 
caused reactions to environmental factors that are not typical. 
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As with the oat and triticale cultivars the greatest yield was always achieved following the 
first grazing of the TOS. This again was crucial, as this grazing must be timed to be available at a 
suitable time of year, i.e. when feed deficit is anticipated. In the wheat and rye corn cultivars this 
timing was more manageable as the window in which grazing could have occurred was greater, due 
to the increased time taken to reach GS30/31 (The last stages at which the crop can safely be grazed 
(Grain and Graze, 2008)). This means these species were more suitable for dual-purpose use as 
they provided a more flexible feed source without risking a compromised grain yield.  
The time at which feed was utilised in this experiment was not specifically targeted to the 
needs of a farming system, however the data available can give an idea of the usefulness of these 
cultivars at expected times of feed deficit. Expected pasture production at various times of the year 
can be seen in Figure 5.1. Feed available may have been of benefit in TOS 1 as this biomass, which 
available in mid-March, could have been of use for filling a late summer feed deficit. The biomass 
available from TOS 1 would be of particular assistance in dryland systems, on lighter soils where 
drought conditions in late summer are more likely. However feed available from the first grazing of 
TOS 2 was likely to be of more benefit than that of TOS 1. The early-May timing would likely have 
provided greater biomass when the farm was experiencing a drop in pasture production leading 
into winter. However the cultivars ‘Wakanui’, ‘Richmond’, ‘Phoenix’, ‘KWW47’, ‘KWW42’ and 
‘Empress’, would have been suitable to be grazed in late-May/early-June, due to a late timing of GS 
30, at this grazing time there would be even greater feed deficit (Figure 5.1). Biomass from TOS 3 
would likely be most useful for stock feed with the 31st July grazing date potentially being able to 
be utilised to fill winter feed deficits. To maximise the biomass available this grazing could have 
been carried out in late-August and used to fill feed deficits in the early-spring season. This would 
be especially beneficial in animal breeding systems, filling feed deficit pre, post or during lambing 
or calving. 
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Figure 5.1: Daily pasture production (30 year average) of perennial ryegrass in Winchmore on 
unirrigated Lismore stony silt loam (Trafford and Trafford, 2011). Error bars indicate 
standard deviation (expected range) of production. 
 Ultimately TOS 2 appears most suitable with regards to quantity and timing of grazing, with 
the ability to be grazed twice as in this experiment or the potential to be grazed just once in the 
middle of winter. TOS 3 was also suitable for grazing at a time when feed would have been 
beneficial, however the total biomass produced and in many cases biomass available at grazing 3 
was less than that of the equivalent cultivar in TOS 2. 
The cultivars with the greatest production at TOS 1 were ‘Amilo’ and ‘Wakanui’, producing 
greater accumulated biomass (p<0.05) than ‘Claire’, ‘KWW46’, ‘KWW47’, ‘Phoenix’ and 
‘Richmond’. The greater accumulated biomass produced by ‘Amilo’ and ‘Wakanui’ at this TOS came 
solely from a greater biomass removal (p<0.05) at the first grazing. This was potentially due to the 
rye corn cultivar ‘Amilo’ having a lesser requirement for vernalisation and photoperiod than the 
wheat cultivars. As mentioned earlier ‘Amilo’ was amongst the first cultivars to reach GS 30, 
indicating that it developed at a faster rate than the wheat cultivars. As ‘Amilo’ fulfilled the 
requirement for vernalisation earlier than other cultivars, it was able to begin stem elongation 
earlier. Hence the extra biomass production from ‘Amilo’ at this TOS likely came from extra stem 
growth. Greater biomass production from ‘Wakanui’ however could potentially be due to a lower 
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base temperature. The additional production will be vegetative growth as ‘Wakanui’ did not reach 
GS 30 until September 18th, hence no stem production could have occurred. ‘Wakanui’ had a much 
higher biomass production per unit thermal time indicating that it emerged, reached critical leaf 
area index and recovered to critical leaf area index faster after grazing, this will be discussed in the 
next section. ‘Wakanui’ is also considered a ‘tall’ cultivar, tall cultivars devote more energy into 
vegetative growth. This greater vegetative growth is the reasoning for most modern cultivars being 
bred to be shorter, utilising the Rht ‘dwarfing’ gene as excessive vegetative growth can decrease 
grain yield (Almeida, 2011). 
At TOS 2 the cultivars with the greatest production differed with ‘Empress’ producing the 
greatest accumulated biomass. The accumulated biomass from ‘Empress’ was greater (p<0.05) 
than that of ‘Amilo’, ‘Claire’ and ‘KWW42’. At this TOS production was greatest by ‘Empress’ likely 
due to a more vigorous growth habit in the conditions. There are no obvious factors that are likely 
to have caused ‘Empress’ to accumulate more biomass over the course of the two grazings. 
‘Empress’ did have the highest biomass production per unit thermal time (discussed later), so a 
better response to the climatic conditions was likely beneficial to biomass production. 
The post grazing residual of all grazings was not significantly different between cultivars for 
each TOS. The average post graze residual over the entire experiment was 871 kg DM ha-1. This 
post graze residual was noticeably greater than those in the experiment carried out by (Virgona et 
al., 2006). There is potential therefore that more intensive grazing of the pasture could occur 
without compromising grain yield. 
5.3.1 Relationship between thermal time and biomass accumulation 
In general the greatest accumulated biomass was produced when cultivars were in TOS 1, the 
accumulated yield decreased with each successive TOS. It could be said that this was due to the 
increased time of growth and thermal time the earlier TOS experience, this however would not be 
correct. To fairly assess the biomass production between TOS, the time over which the plants are 
growing and the temperatures which they are exposed to needs to be assessed.  
The length and temperatures of the growth period were taken into account by expressing 
the accumulated yield as total accumulated dry matter per unit thermal time the plant experienced. 
From this calculation it can be seen that no cultivars displayed an increase in production per unit 
thermal time with the successive TOS, indicating a decrease in thermal use efficiency. The cultivars 
can be split into two groups, the ones for which thermal use efficiency decreases (p<0.05), and the 
ones for which it does not.  
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The  cultivars that experienced decreased (p<0.05) production per unit thermal time from 
TOS 1 to TOS 3 are ‘Amilo’, ‘Empress’, ‘KWW42’ and ‘Wakanui’. The cultivars ‘Amilo’ and ‘Wakanui’ 
also displayed a decrease (p<0.05) in production per unit thermal time from TOS 1 to TOS 2. The 
reduction in thermal use efficiency with TOS was likely due to the decrease in the thermal units 
perceived prior to the first grazing. As highlighted earlier the first grazing of the crop was the most 
important for biomass production, with most cultivars in general experiencing poor biomass 
regrowth. At TOS 1 the plant experienced plentiful thermal units before the first grazing. The 
increased thermal units prior to grazing can be seen from the average temperatures in the 30 days 
prior to grazing, prior to the first grazing the average daily maximum/minimum temperature was 
20.3/11.1oC, as opposed to 15.7/8.4oC and 11.3/2.1oC for grazing 2 and 3 respectively. The 
temperatures prior to grazing 1 were closer to the optimum and greater than the minimum 
temperatures of growth expected for temperate crop species, these temperatures are 20 – 25oC 
and 10 – 5oC (White and Hodgson, 1999). The plants would have emerged quickly, reaching the 
critical leaf area index (the point at which more than 90% of incoming energy is absorbed (Hay and 
Porter, 2006)) more rapidly upon emergence, post grazing the leaf recovery would have also been 
more rapid, decreasing time to critical leaf area index. It was shown in Martin (2013) where it was 
demonstrated in a similar experiment at the same location that recovery of the leaf area index was 
likely greater following grazing at 17th of March as opposed to 12th of June, with critical leaf area 
index reached in 4 weeks following grazing at March 17th but not June 12th. This would have meant 
that the light and thermal use efficiencies were greater resulting in greater photosynthate 
accumulation. The increased photosynthate accumulation combined with the preferable 
temperatures would have resulted in a greater biomass production. Whereas at the later sowing 
dates conditions for emergence would have been poorer, resulting in; slower emergence, increased 
time to critical leaf area and decreased thermal use efficiency, which would have affected recovery 
post grazing. This would have resulted in decreased photosynthetic efficiency and hence lesser 
biomass production, especially post grazing.  
When compared with the biomass per unit thermal time results for the un-grazed 
subsections at TOS 1 and 2 it would appear that there was some effect of grazing treatment at TOS 
1 and a greater effect of grazing at TOS 2 when the un-grazed sub sections produced a greater 
quantity of biomass per unit thermal time. While TOS 1 produces a small amount more biomass 
without grazing, the amount produced by TOS 2 relative to both grazed and un-grazed TOS1 was 
significantly much greater. Cultivar reaction however did not appear to differ greatly with grazing 
treatment. It was likely therefore that thermal use efficiency was being affected by recovery post 
grazing. As with temperature pre-grazing 2, temperature post grazing 2 will also be suboptimal, this 
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will have limited recovery, increasing the time until critical leaf area index was reached, hence 
decreasing biomass production. Poorer conditions following grazing 2 will have had proportionally 
less effect on the comparison of grazing treatments at TOS 1 as the total production from TOS 1 
was already much greater from superior growth pre grazing 1. 
The cultivars with higher biomass accumulation per unit thermal time, especially at TOS 2 
(with crops in TOS 1 mostly unsuitable for dual-purpose use already and those in TOS 3 showing 
little difference), were likely the most suitable as a dual-purpose crops. This was due to the greater 
relative efficiency of growth at a time at which growth efficiency was also diminishing in some 
cultivars. Based on this assumption for biomass production ‘Empress’, ‘KWW47’ and ‘Richmond’ 
were more suitable. 
5.4 Effect of grazing on wheat and rye corn  
5.4.1 Biomass accumulation 
All plots in TOS 1 and 2 (TOS 3 was not assessed) produced a greater total amount of biomass when 
not subjected to grazing. This was likely due to the differences in the interception of 
photosynthetically active radiation (PAR). The amount of leaf area available or the ‘leaf area index’ 
is proportional to the amount of light intercepted, up until a point known as the ‘critical leaf area’, 
this is the point at which more than 90% of incoming energy is absorbed (Hay and Porter, 2006). 
Grazing removed part of the canopy, reducing the leaf area index and the interception of 
PAR, hence the grazed portion would have carried out less photosynthesis. A plant that has reduced 
capability to carry out photosynthesis will have less energy available for growth and this will result 
in decreased biomass production. Post grazing 1 the temperatures were warmer meaning that 
plant growth would have been higher and hence recovery faster, decreasing the time it will take 
for critical leaf area to be reached, increasing photosynthesis. After grazings two and three however 
the temperatures were cooler, meaning recovery was slower. This also fits the pattern for the 
difference between biomass productions to be greater between grazing treatments in TOS 2 than 
in TOS 1.  
5.4.2 Plant Development 
When the Zadocks’ growth stage of the wheat and rye corn cultivars was compared on August 28th 
for TOS 1 and 2 and October 3rd for TOS 3, there was a consistently lower GS from cultivars in the 
grazed subsection.  
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At TOS 1 all cultivars except ‘KWW47’ decreased (P<0.05) between grazing treatments, 
while in TOS 2 only ‘Amilo’, ‘Empress’, ‘KWW42’, and ‘Wakanui’ decreased (p<0.05). The 
differences in this response could be due to the increased time for development at TOS 1. As 
mentioned previously some cultivars regressed in developmental stage, reaching GS 30 at some 
point before this comparison took place, but displaying a GS lower than this at the time of 
comparison. It was thought this regression occurred due to grazing occurring past GS 30/31 for 
these cultivars, this would have removed and/or damaged the reproductive tillers. Cultivars in 
which it appeared the reproductive tillers had been damaged or removed in TOS 1 are; ‘Amilo’, 
‘Empress’, ‘KWW42’, ‘Phoenix’ and ‘Richmond’. In TOS 2 however only two cultivars had regressed 
in GS stage, ‘Amilo’ and ‘KWW42’. The amount of difference seen was likely greater at TOS 1 due 
to the greater number of grazings received and the greater development time. These factors meant 
that more cultivars appeared to have regressed due to grazing damage. The cultivars which did not 
regress due to grazing damage likely took longer to develop because of the difference in rate at 
which the primary tillers developed at the apex, this rate was likely slower at TOS 1 due to increased 
removals from the greater number of grazings (Virgona et al., 2006). The regression in GS seen in 
these cultivars due to grazing damage would likely result in a decreased grain yield (Fraser and 
Dougherty, 1977). The likely reduction in yield means that the cultivars are not suitable for use as 
a dual-purpose crop under the management system used in this experiment. In cultivars which did 
not a regress a decrease in grain yield would only be expected when soil moisture deficit occurred 
before or during grain fill (Virgona et al., 2006).  
There were also differences (p<0.05) in the thermal time to Zadocks’ GS 37 (flag leaf 
emergence) between grazing treatments, this difference was especially pronounced at TOS 1. As 
with the previous comparisons, this increase in the thermal units accumulated represented a 
relatively slower rate of development in the grazed versus the un-grazed subsections. The thermal 
units required to reach GS 37 decreased (p<0.05) with each subsequent TOS in both the grazed and 
un-grazed subsections, from the greatest accumulation of thermal units in TOS 1 to the lowest in 
TOS 3. This indicated that stem elongation must either have been triggered by vernalisation 
(independent of shortening daylength) or increasing daylength.  
While the completion of vernalisation was important to the development of a wheat plant 
literature by Slafer and Rawson (1994) suggested it caused no direct effect on development past 
double ridge and the end of the vegetative phase i.e. appearance of double ridge was delayed when 
the plant was not vernalised. However there was potentially an effect of the “memory” of the 
earlier effects of vernalisation, in that they were able to progress through the development stage, 
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the duration of this stage was not affected by the duration of the vernalisation period but the fact 
that the stages were able to occur was, i.e. un-vernalised plants died before producing a terminal 
spikelet. The same paper suggests that although the plant was sensitive to photoperiod prior to the 
end of the vegetative phase, this effect is not commonly seen as the vegetative phase is in most 
cases completed before the plant is subjected to long daylength. This agrees with the observations 
on the effect of short daylength on vernalisation requirements, confirming that plants are able to 
perceive daylength before the completion of vernalisation. It is noted however that the “hastening” 
effect on development time due to long day is greater post double ridges rather than pre, indicating 
that the plant has a greater ability to respond to photoperiod after the completion of the vegetative 
stage. This paper also notes (based on personal communication of unpublished research by S. 
Knights) that when plants were exposed to short (10h) days, they died before reaching terminal 
spikelet. Photoperiod appears to be a key factor in plants reaching terminal spikelet, after which 
photoperiod response decreases. 
Based on the literature by Slafer and Rawson (1994) it was likely thermal time to GS 37 was 
primarily, yet indirectly affected by photoperiod. It would appear that the reaching of terminal 
spikelet was a key factor in the initiation of stem elongation, after which temperature was the main 
factor governing elongation rate. As cultivars reached terminal spikelet at similar dates the 
temperatures they were exposed to post terminal spikelet and through to GS 37 would have been 
similar, this means that though temperature was the governing factor, photoperiod likely had a 
greater effect on the timing. Firstly, given that the cultivars within each TOS reached GS 37 at a 
more similar thermal units than other developmental factors measured, these other 
developmental measurements (especially double ridge) were thought to be more responsive to 
vernalisation (Acevedo et al., 2002). Secondly it was noted that the advancement through the 
growth stages prior to flag leaf emergence was rapid after seemly stagnating for a period through 
late winter. If the factor that triggered this rapid development was to be vernalisation it was likely 
that this period of rapid growth would have occurred earlier in the season. A response to 
vernalisation fulfilment is not likely in late September/early October (the time of year at which the 
majority of cultivars reached GS 37) as the temperature was increasing past that at which 
vernalisation can occur. Finally daylength was likely to be the primary factor due to the similarity 
of timing between cultivars and across TOS, daylength is a factor that is more likely to affect all TOS 
of the same cultivar equally. Daylength affects all TOS equally because it is not an accumulated 
trigger, hence earlier sowing dates do not benefit from an advantage (or in some cases 
disadvantage) of beginning this accumulation earlier. 
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On average cultivars which received the grazing treatment required 132 more thermal units 
to reach GS 37 (3052 vs. 2921) than those which were not grazed. Based on an average daily 
thermal time for the month of September (the time when most plants reached GS 37) of 9.5oC, this 
equals an average of 13.9 days extra development required to reach GS 37. The treatments 
received an average total grazing intensity of 2,107 DSE (dry stock equivalent) days. In Virgona et 
al. (2006) when stock were grazed by 38 DSE per day across various grazing lengths, the resulting 
development time to anthesis increased by 1 day for every 4 – 5 (152 – 190 DSE) days grazed. Under 
the higher stocking rate of this experiment results were very nearly within this range, with time to 
GS 37 increasing by 1 day for every 151.6 DSE days. The slightly lower figure was likely due to the 
comparison being carried to an earlier growth stage, so these calculations can be considered 
agreeable. 
The increase in development time due to grazing would not be expected to affect yield so 
long as the plant was still able to complete grain fill before a soil moisture deficit occurs (Virgona 
et al., 2006). The slower rate of development in grazed crops means that the plant will be more 
likely to fail to complete grain fill before this deficit occurs, under Australian conditions this has 
been problematic (Virgona et al., 2006). However in New Zealand the risk of drought damage to 
the crop is lesser. The risk this poses to the potential grain yield can also be eliminated completely 
if there is the potential to irrigate the crop.   
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5.5 Conclusions 
 The oat and triticale cultivars were not suitable as dual-purpose crops, due to rapid 
development causing narrow windows in which grazing was possible without risking grain 
yield damage and poor post grazing regrowth. 
 Apical development up to double ridge stage was most affected by vernalisation. 
 The cultivars ‘Richmond’, ‘Phoenix’ and ‘KWW42’ reached double ridge stage before 
grazing at TOS 2 due to a phenomena known as short day induction. This would be 
detrimental to grain yield in a dual-purpose system. 
 Thermal time taken for the development of the apex to terminal spikelet was related to 
photoperiod (long day). 
 Date of GS 30 was most suitable for grazing at TOS 3, but manageable for grazing at TOS 2.  
  Apical development of the plants was most suitable for grazing in TOS 2 and 3. 
 Total Biomass production was greatest at TOS 1, due to greater production prior to grazing 
1. Production was greater prior to grazing 1 as the thermal time was optimal to maximise 
photosynthesis and hence growth. However TOS 1 affected plant development in such way 
that grain yield would likely be decreased. 
 Biomass accumulation at TOS 2 was greatest in ‘Empress’ and ‘KWW47’. There was no 
difference in biomass accumulation at TOS 3. 
 Timing and manageability of biomass production was best at TOS 2 and 3 with optimum 
yield from these two TOS obtained from TOS 2. 
 Biomass production per unit thermal time decreased with TOS, likely due to the decrease 
in favourability of growth conditions prior to grazing 1. 
5.6 Key Recommendations 
1. TOS 1 was too early to sow a dual-purpose crop, all cultivars would likely suffer from 
reduced grain yield due to grazing damage. Feed was also least suitable for filling feed 
deficit, with the exception of situations which are strongly summer dry. 
2. At TOS 2 yield was maximised without likely compromising yield provided cultivar selection 
was appropriate. The most suitable cultivars are likely ‘Empress’ and ‘KWW47’ which had 
a good balance of yield and grazing manageability. 
3. TOS 3 yield was lowest but all cultivars are equally suitable and there was the most 
flexibility in grazing time. 
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Appendix 1: Experimental Design 
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